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NEW  HAVEN,  CONNECTICUT 

IN  1930  Cushing  (i)  described  a  peculiar  syndrome  associated  with  basophilic  tU' 
mors  of  the  pituitary.  This  syndrome  is  characterized  by  obesity  confined  to  the 
face  and  trunk,  redness  of  the  face,  cyanotic  striae  distensae  over  the  trunk,  ec' 
chymoses  on  the  lower  extremities,  and  acneiform  eruptions.  In  females  there  is  also 
amenorrhea,  drying  and  thinning  of  the  hair  on  the  head  with  the  development  of 
hirsutism  of  the  face  and  trunk.  In  the  male  sexual  powers  may  be  impaired.  In  addi' 
tion  the  blood  pressure  becomes  elevated  and  eventually  arterial  changes  of  the  malig' 
nant  nephrosclerotic  type  are  found.  In  a  large  proportion,  but  not  all,  carbohydrate 
tolerance  is  impaired.  Osteoporosis,  especially  affecting  the  spine,  is  common. 

Since  the  appearance  of  Cushing’s  monograph  the  cases  reported  with  this  syn- 
drome  have  multiplied  with  great  rapidity.  However,  in  a  large  proportion,  instead  of 
basophilic  tumors,  hypertrophy  or  tumors  of  the  adrenal  cortex  have  been  found. 
More  puzzling  still  are  certain  cases  in  which  all  endocrine  glands  have  been  grossly 
normal,  and  a  small  number  who  have  had  tumors  of  the  thymus.  Crooke  (2)  has 
demonstrated  in  a  large  number  of  these  cases,  with  and  without  tumors  of  these  vari' 
ous  glands,  morphological  changes  in  the  basophilic  celb  of  the  anterior  lobe  of  the 
pituitary  which  he  interprets  as  evidence  of  excessive  activity  of  these  cells.  The  pres¬ 
ence  of  these  changes  has  been  verified  by  others,  but  their  significance  has  not  been 
established  beyond  question. 

In  addition  to  those  patients  who  have  basophilic  adenomas  or  changes  in  the  bas¬ 
ophilic  cells  and  those  who  have  hyperplasia  or  tumors  of  the  adrenal  cortex,  there  is 
a  third  group  who  have  solid  tumors  of  the  ovary,  arrhenoblastomas.  These  patients 
exhibit  some  features  resembling  the  basophilic  syndrome. 

The  purpose  of  this  paper  is  to  discuss  the  differential  diagnosis  of  these  three  con¬ 
ditions  by  analysis  of  cases  from  the  literature  in  comparison  with  a  group  of  cases 
studied  in  this  clinic. 

Since  the  examination  of  the  literature  was  intended  only  as  a  means  of  orienting  our  own 
investigation  and  verifying  our  conclusions,  no  attempt  is  made  to  mention  any  large  propor¬ 
tion  of  the  articles  reviewed.  Only  cases  in  which  the  diagnosis  was  established  by  autopsy 
or  operation  were  accepted.  The  amount  of  information  available  about  each  case  was  limited, 
because  most  observers  had  confined  their  attention  to  particular  aspects  of  the  condition.  It 
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was,  however,  possible  by  composite  treatment  to  secure  enough  data  about  most  of  the 
characteristics  of  the  disease  to  permit  evaluation  of  our  own  observations. 

From  the  results  of  this  analysis  table  i  has  been  prepared  as  a  first  approximation  to  an 
organized  scheme  of  differential  diagnosis.  The  cases  have  first  been  divided  into  3  large  cate¬ 
gories.  In  the  first,  those  of  basophilism,  are  included,  in  addition  to  those  with  basophilic 
adenomas,  patients  in  whom  no  glandular  tumors  of  any  kind  were  discovered.  Such  a  ten¬ 
tative  grouping  seems  justifiable,  because  no  points  of  distinction  could  be  discovered  be¬ 
tween  these  two  types  and  because  they  are  naturally  separated  from  the  adrenocortical  and 
arrhenoblastoma  groups  by  their  insusceptibility  to  surgical  treatment.  The  second  category, 
corticoadrenalism,  includes  patients  with  tumors  of  the  adrenal  cortex  and  some  who  pre¬ 
sented  only  bilateral  hyperplasia  of  the  adrenal  cortices.  Since  such  hyperplasia  may  be  merely 
a  secondary  manifestation  of  some  other  disorder,  its  classification  with  true  adrenal  cortical 


Table  i 


Function 

Basophilism 

Corticoadrenalism 

Arrhenoblastoma 

Habitus  and  Circulator  Disturbances 

Obesity 

Face  and  trunk 

Face  and  trunk 

Not  characteristic 

Purple  striae 

Usual 

Usual 

Rare 

Ecchymoses 

Common 

Common 

Absent 

Rubicundity 

Usual 

Usual 

Absent 

Acne 

Common 

Common 

Not  characteristic 

Hypertension 

Present 

Usual 

Absent 

Metabolic 

Disorders 

Low  carbohydrate  tolerance 

Common 

Common 

Absent 

Osteoporosis 

Common 

Common 

Absent 

Development  and 

Sexual  Functions 

Male 

Libido 

Normal  or  diminished 

Normal  or  increased 

Sexual  development 

Retarded 

Precocious 

Female 

Libido 

Normal  or  reduced 

Normal  or  reduced 

Normal  or  reduced 

Menstruation 

Abolished 

Abolished 

Abolished 

Hirsutism 

+ 

+ 

+ 

General  function 

Diminished 

Masculinized 

Masculinized 

Genital  organs 

Normal  or  atropic 

Hypertrophy  of  clitoris 

Hypertrophy  of  clitoris 

Sexual  development 

Retarded 

Precocious 

Precocious 

Children 

Retarded  epiphyseal 

Precocious  epiphyseal 

Precocious  epiphyseal 

union 

union 

union 

tumors  may  demand  revision.  The  last  class,  arrhenoblastoma,  requires  no  special  explana-  | 

tion.  j 

The  manifestations  of  the  disease  have  been  tabulated  under  three  headings:  disorders  of  ' 
habitus  and  circulation,  disorders  of  metabolic  function  and  disorders  of  general  development  | 
and  a  sexual  development  and  function.  Only  disturbances  to  which  significance  can  be  at¬ 
tached  have  been  listed.  For  example,  basal  metabolism,  serum  lipids,  chloride,  bicarbonate, 
calcium  and  phosphorus  are  not  included  because,  despite  claims  to  the  contrary,  neither  the 
data  compiled  from  the  literature  nor  those  collected  on  our  own  cases  reveal  any  consistent 
alteration  of  these  functions,  either  in  the  patients  of  the  united  groups  or  in  those  of  any  one 
of  the  three  categories.  It  is  our  impression,  therefore,  that  disorders  that  have  been  reported 
in  certain  individual  cases  must  be  regarded  merely  as  coincidental  functional  disturbances 
referable  to  causes  not  directly  connected  with  the  conditions  under  consideration. 

In  general  habitus  and  circulatory  disorders  basophilic  and  corticoadrenal  syndromes,  in 
adults,  at  least,  appear  to  be  indistinguishable.  In  both  obesity  of  the  face  and  trunk,  purple 
striae,  ecchymoses,  rubicundity  of  the  face  and  acneiform  eruptions  are  found.  In  children, 
however,  a  certain  number  of  patients  with  corticoadrenalism  have  been  reported  who  lack 
some  or  all  of  these  stigmata.  Such  a  case  was  reported  by  Kepler,  Walters  and  Dixon  (3). 
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Possible  means  of  differentiating  these  cases  will  be  discussed  later.  In  arrhenoblastoma  obes' 
ity  is  frequently  mentioned;  but  this  does  not  usually  assume  the  characteristic  basophilic 
pattern,  nor  is  it  attended  by  rubicundity  and  purple  striae.  A  possible  exception  is  a  case  re' 
ported  by  Josefson,  Fagerstrom  and  Bergstrand  (4).  In  addition  hypertension,  though  quite 
regularly  found  in  basophilism  and  corticoadrenalism,  is  rarely,  if  ever,  encountered  in  pa' 
tients  with  arrhenoblastoma. 

The  disturbances  of  metabolism,  diminished  carbohydrate  tolerance  and  decalcification 
of  the  bones,  appear  quite  as  frequently  in  corticoadrenalism  as  in  basophilism,  but  are  not 
seen  in  patients  with  arrhenoblastoma.  Circulatory  and  metabolic  disorders,  then,  serve  as  a 
means  by  which  arrhenoblastoma  can  be  distinguished  from  the  other  two  groups,  but  are  of 
no  help  in  differentiating  between  basophilism  and  corticoadrenalism. 

Hope  along  these  lines  seems  to  lie  rather  in  the  third  bracket  of  symptoms  and  signs, 
disturbances  of  development  and  sexual  function.  In  the  female  hirsutism  and  amenorrhea  OC' 
cur  almost  universally  in  all  three  syndromes.  Cases  have  been  reported  in  which  the  fre' 
quency  of  menstruation  is  only  reduced  or  disturbed  (5, 6,  7);  but  this  is  certainly  extremely 
rare  in  fully  developed  cases.  The  effects  of  the  conditions  on  libido  are  hard  to  evaluate;  but 
there  appear  to  be  authentic  instances  of  basophilism,  at  least,  in  which  sexual  desire  has 
been  retained.  Frank  (8)  has  claimed  that  in  corticoadrenalism,  but  not  in  basophilism,  the 
urine  contains  excessive  amounts  of  estrogenic  hormone.  In  corticoadrenalism  and  in  arrhen' 
oblastoma  masculinization  appears  to  proceed  further,  to  the  development  of  virilism.  In  the 
adult  this  is  again  hard  to  distinguish.  Hypertrophy  of  the  clitoris  is  often  mentioned,  but 
standards  of  measurement  have,  as  far  as  we  know,  not  been  developed.  Flattening  of  the 
breasts  is  reported.  Loss  of  libido  or  repulsion  for  the  male  sex  are  also  too  highly  subjective 
to  permit  analysis.  In  children,  however,  virilism  manifests  itself  in  unmistakable  fashion. 
Thus  far  it  has  been  observed  only  in  conjunction  with  adrenal  cortical  tumors  or  arrheno' 
blastomas. 

In  the  male,  sexual  desire  and  function  in  patients  with  basophilism  may  be  little  affected, 
although  they  are  sometimes  diminished.  Corticoadrenalism  in  adult  males  has  been  rarely  en' 
countered.  It  is  reported  to  be  associated  with  gynecomastia  and  regressive  sexual  changes 
(9,  10).  Exaggeration  of  sexual  functions,  if  it  occurs,  is  again  hard  to  evaluate.  In  children, 
however,  in  whom  it  can  be  distinguished  without  difficulty,  it  has  been  repeatedly  reported 
in  association  with  adrenal  cortical  tumors.  It  has  been  suggested,  therefore,  that  it  may  be 
possible  to  distinguish  corticoadrenalism  from  basophilism  by  the  presence  of  virilism. 

In  the  developmental  period  corticoadrenalism  also  gives  rise  to  precocious  development, 
not  only  of  the  sexual  organs,  but  also  of  the  body  as  a  whole.  It  is  among  these  cases  that 
infant  Hercules  are  found.  The  patient  of  Kepler,  Walters  and  Dixon  (3),  who  was  mentioned 
above,  at  the  age  of  19  months  was  able  to  fill  the  clothes  of  her  5'year'old  sister  without 
difficulty,  although  they  had  to  be  shortened  slightly  to  fit  her.  This  is  typical  of  the  descrip' 
tions  in  the  literature  of  these  children.  However,  details  of  the  aberration  of  growth  are 
hard  to  find. 

Recently  methods  for  the  measurement  of  androgenic  substances  in  the  urine  have  be' 
come  available.  This  should  provide  an  objective  method  for  the  measurement  of  masculiniza' 
tion  or  virilism.  Already  Butler  and  Marrian  (11,  la)  and  others  (13-18)  have  reported  exces' 
sive  quantities  of  materials  with  androgenic  activity  in  the  urine  of  patients  with  adrenal 
cortical  tumors,  but  not  in  those  with  basophilism  (ii).  Crooke  and  Callow  (15)  isolated  this 
material  and  found  that  it  consisted  chiefly  of  dehydroisoandrosterone. 

CASE  REPORTS 

The  series  to  be  reported  consists  of  15  cases,  the  protocols  of  which  are  given  be' 
low.  In  addition  the  salient  features  of  each  case  are  presented  in  table  2,  classified  un' 
der  headings  similar  to  those  of  table  i.  In  addition  to  the  usual  diagnostic  procedures, 
the  urine  of  all  but  the  first  2  patients  was  assayed  for  androgenic  activity,  by  meth' 
ods  described  by  one  of  the  authors  (19). 

A  33012,*  a  male,  bom  in  1890,  in  1930  began  to  suffer  from  pains  in  the  back  and  legs 
•  This  case  has  been  reported  by  Lawrence  and  Zimmerman  (ao). 
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and  at  about  the  same  time  libido  diminished.  Some  time  after  this  attacks  of  paroxysmal 
dyspnea  occurred  with  increasing  frequency.  In  1933  purpuric  spots  began  to  appear  on  his 
trunk  and  extremities  and  he  developed  nocturia  and  diurnal  urinary  urgency  and  frequency. 
Towards  the  end  of  the  year  his  feet  and  ankles  became  edematous.  He  was  admitted  to  the 
hospital  Feb.  3, 1934  because  of  extreme  dyspnea  and  orthopnea  and  excruciating  pain  in  the 
anterior  chest,  referable  to  a  dissecting  aneurysm  of  the  aorta.  He  had  the  typical  basophilic 
appearance,  with  rubicund  face,  thick  cheeks,  obesity  of  the  trunk,  thin  extremities,  purple 
striae  on  the  trunk  and  purpuric  spots  on  the  lower  extremities.  The  blood  pressure  was 
150/110;  the  optic  discs  were  somewhat  blurred.  There  was  a  dorsal  kyphosis  and  X'ray  re' 

Table  2.  Analysis  of  symptoms  and  signs  of  disease 
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1  FT =of  face  and  trunk  only;  +=8imple  obeaity. 

1  P=purple  stn'ae  distensae;  +=usual  type  of  striae. 

•  o=amenorrhea;  — =iiTegular;  +=nonnal. 

<  N=nonnal. 

vealed  diffuse  osteoporosis  with  collapse  of  some  vertebrae.  His  heart  was  enlarged  and 
wheezes  and  coarse  rales  were  heard  throughout  the  chest.  The  blood  nonprotein  nitrogen 
was  41,  later  rising  to  56  mg.  per  100  cc.;  serum  albumin  3.49  and  2.85,  globulin  1.92  and 
1.93%;  calcium  9.94  and  10.6  and  inorganic  phosphate  8.15  mg.%,  fasting  blood  sugar  77 
mg.  %.  The  blood  sugar,  after  the  intravenous  injection  of  35  gm.  of  glucose,  remained  ek' 
vated  slightly  longer  than  normal. 

Minutes  o  5  15  30  45  60  120 

Blood  sugar  88  236  217  203  189  178  120 

The  urine  contained  the  faintest  possible  trace  of  albumin  and  occasional  hyaline  casts,  but 
no  sugar.  There  was  a  slight  secondary  anemia.  The  basal  metabolism  could  not  be  measured. 
He  died  on  Feb.  16.  Autopsy  revealed  a  basophilic  adenoma. 

A  41978,*  a  male,  bom  in  1900,  in  1929  developed  symptoms  of  diabetes  and  mild  heart 
failure.  At  the  same  time  his  tmnk  and  face  became  stouter,  while  his  extremities  became 
weaker  and  striae  appeared  on  the  trunk.  In  1930,  after  x-ray  treatment  of  the  pituitary  he 
experienced  some  subjective  improvement.  After  this  he  had  attacks  of  renal  colic  at  intervals 
and  passed  several  calculi.  Early  in  1934  dyspnea  and  weakness  recurred,  with  frequent 
headaches  and  intermittent  edema  of  the  ankles,  and  this  time  symptoms  were  little  in¬ 
fluenced  by  x-ray  therapy.  When  admitted  to  the  hospital,  Nov.  22,  1934,  he  presented  the 
appearance  characteristic  of  basophilism,  with  obesity  confined  to  the  face  and  trunk,  rubi- 
cundity  and  purplish  striae.  The  blood  pressure  was  196/130,  the  heart  enlarged;  some  coarse 

*  This  is  one  of  the  cases  (no.  1 1)  reported  in  Dr.  Cushing’s  article  (i). 
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r4le8  were  heard  at  the  bases  of  both  lungs  at  the  end  of  inspiration.  There  was  a  moderate 
cervical  and  dorsal  kyphosis  and  x^ray  revealed  some  decalcification  of  the  spine.  The  B.M.R. 
was  —10%.  The  blood  N.P.N.  was  34,  sugar  106  mg.  %;  serum  albumin  4.45,  globulin 
2.28%,  cholesterol  240  mg.  %;  Ca  9.3,  inorganic  P  3.5  mg.  %.  On  another  occasion  serum  Ca 
was  8.6,  inorganic  P  3.9  mg.  %.  After  25  gm.  of  glucose  intravenously  the  blood  sugar  re- 
mained  elevated  unduly  long. 

Minutes  o  5  15  30  60  120  180 

Blood  sugar  loi  244  200  182  154  in  94 

The  urine  contained  no  albumin  nor  sugar,  and  only  an  occasional  leucocyte.  Blood 
count  gave  the  results,  red  blood  cells  5.4  million,  hemoglobin  102%.  Calcium  and  phosphate 
balances  were  studied  for  two  3'day  periods  and  proved  normal.  The  patient  died,  shortly 
after  discharge  from  the  hospital,  from  a  cerebral  hemorrhage.  Autopsy  revealed  an  adenoma 
of  the  pituitary.  The  staining  characteristics  of  the  cells  could  not  be  determined  because  the 
body  had  been  embalmed  for  some  time  before  the  autospy. 

A  65716,  a  male,  born  in  1911,  developed  nocturia,  polyuria  and  polydypsia.  In  1933  he 
began  to  gain  weight  over  the  trunk,  his  face  became  fuller  and  he  noticed  that  the  sub- 
cutaneous  tissues  seemed  to  become  stiff  and  hard.  Shortly  after  this  purple  striae  appeared 
on  the  trunk  and  about  the  shoulders  and  hips  and  he  began  to  suffer  from  headaches.  His 
thyroid  also  enlarged  and  he  developed  nervousness,  tremor,  irritability,  excessive  sweating, 
increasing  weakness,  some  dyspnea  and  occasional  palpitation.  After  a  prolonged  course  of 
iodine  the  upper  and  lower  poles  of  the  left  lobe  of  the  thyroid  were  ligated  in  Feb.  1934. 
In  October  of  the  same  year,  because  the  B.M.R.  was  +59%  a  subtotal  thyroidectomy  was 
performed.  The  pathologic  examination  is  said  to  have  revealed  an  inactive  thyroid.  After 
the  operation  he  felt  worse,  depressed  and  retarded,  his  weight  increased  further  and  he 
began  to  suffer  with  pains  in  the  neck,  extending  to  the  back,  aggravated  by  motions.  When 
admitted  to  the  hospital  May  13,  1935  he  presented  the  typical  picture  of  basophilism,  with 
rubicundity,  fat  cheeks,  full  trunk  with  wasted  extremities,  massive  purple  striae  over  the 
abdomen,  flanks,  shoulders  and  hips,  and  moderate  hypertension.  There  was  generalized  os- 
teoporosis  with  compression  of  the  bodies  of  the  lower  dorsal  vertebrae  and  pathological 
fractures  of  the  ribs,  ischia  and  the  left  pubis.  The  B.M.R.  was  —9%,  later  —20%.  The 
blood  N.P.N.  was  30,  sugar  61  mg.  %;  serum  albumin  was  4.00,  globulin  1.67%,  cholesterol 
209  mg.  %;  Ca  9.6,  inorganic  P  3.3  mg.  %;  Na  131.4,  K  5.4  m.Eq.  per  liter.  On  two  oc- 
casions  serum  CO2  was  found  slightly  elevated,  75.2  and  75.4  vol.%,  with  Cl  slightly  rc' 
duced,  96.4  and  95.5  m.  Eq.  per  liter.  The  glucose  tolerance  curve,  after  25  gm.  ihtravenously, 
was  essentially  normal,  possibly  slightly  prolonged. 

Minutes  o  30  60  90  120 

Blood  sugar  62  175  128  120  68 

The  urine  contained  no  albumin  nor  sugar.  Blood  counts  were  essentially  normal.  Intra' 
venous  pyelography  revealed  no  distortions  nor  displacements  of  the  urinary  tract;  no 
tumors  nor  enlargements  of  the  adrenals  could  be  demonstrated  by  X'ray  after  air  injections. 
From  May  23  to  27  he  was  given  a  course  of  X'lay  treatment  to  the  pituitary  without  any 
beneficial  effect.  Second  and  third  courses  in  July  and  August,  respectively,  were  also  inef¬ 
fective.  October  9  exploratory  operation  revealed  no  tumor  or  enlargement  of  either  adrenal. 
A  fourth  course  of  x-ray,  following  operation,  proving  quite  as  ineffectual  as  the  others,  he 
was  transferred  to  another  hospital  for  exploration  of  the  pituitary.  By  this  time  his  condi¬ 
tion,  especially  the  osteoporosis,  had  advanced  to  the  point  where  it  was  unendurable.  He 
died  of  meningitis  following  the  operation  in  which  no  tumor  of  the  pituitary  had  been  dis¬ 
covered.  At  autopsy  no  gross  lesion  was  found  in  any  endocrine  gland  and  no  basophilic 
tumor  could  be  discovered  in  the  pituitary  by  microscopic  examination,  but  the  basophilic 
cells  displayed  Crooke’s  changes.  During  his  illness  the  patient’s  libido  had  practically  dis¬ 
appeared.  The  androgenic  activity  of  his  urine  on  one  occasion  was  equivalent  to  13  i.u. 
per  24  hours,  the  estrogenic  activity  to  51. 

A  67094,  a  female,  bom  in  1913,  in  1932  suddenly  developed  acne  and  ceased  to  men¬ 
struate.  In  the  course  of  the  next  4  years  she  had  only  6  periods,  although  they  had  always 
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been  regular  before.  In  1933  the  hair  on  her  face,  always  somewhat  excessive,  began  to  in- 
crease,  she  began  to  gain  weight  about  the  hips  and  buttocks  and  purple  striae  appeared  on 
the  hips  and  thighs.  A  little  later  libido  seemed  to  diminish.  About  the  same  time  she  began 
to  have  nocturia,  waking  once  or  twice  a  night.  Early  in  September,  1936,  weakness,  pains  in 
the  lumbar  and  sacral  regions,  the  ribs  and  knees,  and  intermittent  edema  of  the  face,  feet  and 
hands  set  in.  On  Oct.  18,  1936,  when  she  came  to  the  hospital,  she  had  a  red  face  with  thick 
cheeks,  obesity  of  the  trunk,  purple  striae  about  the  hips  and  abdomen,  facial  hirsutism,  a 
tendency  to  male  distribution  of  the  pubic  hair  and  some  tenderness  over  the  sacrum  and  the 
lumbar  spine.  The  breasts  were  moderately  large  and  flabby,  the  external  genitalia  normal. 
She  had  a  slight  anemia.  X-rays  revealed  a  suggestion  of  decalcification  of  ribs,  scapulae,  dorsal 
spine,  ilia  and  skull  and  slight  enlargement  of  the  sella  turcica.  Intravenous  pyelograms  and 
x-rays  after  air  injection  disclosed  no  tumor  of  the  adrenals.  Her  B.M.R.  was  —3%.  The 
blood  N.P.N.  was  19  and  28  mg.  %,  sugar  81;  serum  albumin  4.12,  globulin  1.66%;  choles¬ 
terol  210  and  253mg.  %;Ca9.7and9.o,.inorganicP6.8and  3.3mg%.  The  glucose  tolerance 
test  after  25  gm.  glucose  intravenously  was  normal. 

Minutes  o  30  60  120 

Blood  sugar  79  166  119  70 

She  was  seen  again  in  May,  1937,  this  time  suflFering  from  a  severe  depression,  her  physical 
condition  essentially  the  same.  In  June,  1938,  she  entered  the  hospital  for  the  third  time  be¬ 
cause  of  increasing  weakness,  intermittent  edema  of  the  feet  and  ankles  and  dizzy  spells. 
Hirsutism  had  increased  somewhat,  she  had  an  acneiform  eruption  over  the  face,  back  and 
chest.  Her  blood  pressure  was  now  continually  elevated,  the  systolic  varying  from  160  to 
166,  diastolic  from  90  to  130.  The  osteoporosis  had  advanced  slightly.  The  urine  contained 
a  trace  of  albumin.  The  blood  count  was  normal;  red  blood  cells  4.1  to  5.0  million,  hemoglobin 
97%.  The  chemical  patterns  of  blood  and  serum  were  not  unusual,  the  glucose  tolerance 
test  result  somewhat  higher  than  the  first,  but  still  within  normal  limits:  after  25  gm.  glucose 
intravenously  it  was  as  follows. 

Minutes  o  30  60  90  120  150 

Blood  sugar  100  200  151  no  97  88 

It  was  again  impossible  to  demonstrate  any  adrenal  tumor  by  x-ray  after  air  injections.  Her 
urine  in  May  1937  had  androgenic  activity  equivalent  to  42  i.u.  per  24  hours. 

A  90010,  a  female,  bom  in  1915,  increased  in  weight  from  128  to  2051b.  during  a  preg¬ 
nancy,  which  began  in  February  1937.  At  the  same  time  her  face,  arms,  back  and  neck  broke 
out  with  pimples  and  her  face  became  ruddy.  Although  her  blood  pressure  and  urine  were 
declared  to  be  normal  her  feet  swelled  somewhat.  With  the  obesity  she  also  began  to  suffer 
dyspnea,  orthopnea,  pains  in  the  back  and  soreness  over  the  spine;  striae  appeared,  the  hair 
on  her  head  became  dark  and  scanty,  while  hair  appeared  on  her  face  and  grew  up  from  the 
pubes  to  the  navel.  After  delivery  she  lost  some  weight  by  dieting.  She  menstruated  in  June 
and  July  of  1938,  but  not  after  that.  In  July  she  developed  diurnal  and  nocturnal  urinary 
frequency  and  noticed  that  ecchymoses  appeared  on  her  legs  after  the  least  trauma.  When 
seen  Sept,  i,  1938,  she  appeared  plethoric,  red,  with  pufi’y  face  and  coarse  skin,  acne  over  the 
neck,  brownish  patches  over  the  extensor  surfaces  of  her  arms  and  over  her  shoulders,  ecchy¬ 
moses  scattered  over  her  legs,  numerous  pale  striae  over  the  thighs  and  abdomen,  purple 
striae  over  the  thighs,  buttocks  and  abdomen,  downy  hair  on  her  cheeks,  sparse  pubic  hair 
with  a  dark  line  mnning  up  to  the  navel,  obesity  of  the  tmnk,  pendulous  breasts  and  a  marked 
dorsal  kyphosis.  The  external  genitalia  were  normal.  There  was  some  tenderness  in  the  left 
costovertebral  angle  and  on  percussion  of  the  spine,  and  some  pain  on  motions  of  the  spine. 
The  blood  pressure  was  138/105.  The  B.M.R.  was  —29  and  —22%.  The  blood  N.P.N. 
was  33  mg.  %,  sugar  71;  serum  albumin  4.22,  globulin  1.79%;  cholesterol  266  mg.  %,  Ca 
9.4,  inorganic  P  4.5.  The  urine  contained  no  albumin  nor  sugar,  and  the  hyperglycemia  after 
intravenous  injection  of  25  gm.  of  glucose  was  not  distinctly  abnormal. 

Minutes  o  15  30  60  120  180 

Blood  sugar  108  246  216  142  100  101 
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X-ray  revealed  calcification  of  the  falx  and  the  pineal  body,  a  normal  sella  turcica,  some  osteo¬ 
porosis  of  the  skull  and  spine  and  enlargement  of  the  heart.  After  air  injections  a  normal  left 
adrenal  was  visualized;  the  right  could  not  be  made  out,  but  there  was  no  evidence  of  a 
tumor.  She  was  discharged  with  directions  to  take  an  antiobesity  diet  and  was  given  10,000 
u  of  theehn  a  week.  She  disregarded  the  dietary  prescription  and  returned  in  November  sub¬ 
jectively  worse,  although  there  were  no  objective  evidences  that  the  condition  had  advanced. 

,  At  this  time  the  pituitary  was  irradiated  by  x-ray.  A  report  from  the  Neurological  Institute, 
where  she  went,  indicates  that  her  condition  after  another  6  months  was  essentially  un¬ 
changed,  except  for  a  progression  of  the  osteoporosis  which  had  resulted  in  collapse  of  the 
bodies  of  the  8th  and  loth  thoracic  vertebrae.  In  September,  1938,  the  androgenic  activity  of 
her  urine  was  equivalent  to  18  i.u.  per  24  hours;  in  May  1939  it  was  15. 

B  692,  a  female,  born  in  1917,  late  in  1938  noticed  that  her  abdomen  was  becoming  larger. 
At  the  same  time  she  developed  acne  of  the  face  and  trunk  and  purplish  striae  appeared  about 
the  hips.  In  May  1939,  menstruation,  which  had  begun  at  the  age  of  14  and  had  always  been 
regular,  ceased  abruptly.  Her  face  and  extremities  had  been  more  than  usually  hirsute  since 
the  age  of  14  or  15  and  there  was  a  suggestive  family  history  of  hirsutism  on  the  father’s  side. 
When  she  came  to  the  hospital,  Oct.  2,  1939,  she  had  the  characteristic  round  red  face  with 
thick  cheeks,  coarse  skin  with  acne  of  the  face  and  upper  back,  slight  hirsutism  of  the  face, 
some  hair  about  the  nipples  and  excessive  hair  over  the  extremities,  moderate  obesity  of  the 
trunk  with  purplish  striae  about  the  hips,  underdeveloped  breasts,  but  normal  genitalia.  The 
blood  pressure  was  145/102;  the  urine  was  negative;  the  blood  count  essentially  normal. 
The  B.M.R.  was  —13%.  Blood  N.P.N.  was  27  mg.  %,  sugar  71;  serum  albumin  4.55%, 
globulin  2.80;  Ca  10.8  mg.  %,  inorganic  P  3.7.  The  blood  sugar  curve  after  intravenous  in¬ 
jection  of  25  gm.  of  glucose  was  normal. 

Minutes  o  30  60  120  150 

Blood  sugar  76  176  121  72  49 

X-ray  revealed  no  bony  abnormalities.  Intravenous  pyelograms  and  x-rays  after  air  injection 
disclosed  no  signs  of  adrenal  tumor.  The  Aschheim-Zondek  test  was  negative;  the  andro¬ 
genic  activity  of  the  urine  was  equivalent  to  30  i.u.  per  24  hours. 

A  72746,  a  male,  born  in  1913,  in  1926,  at  the  age  of  13,  ceased  to  grow.  Sexual  develop¬ 
ment  proceeded  to  some  extent  (in  the  next  two  years  pubic  hair  appeared  and  he  experi¬ 
enced  ejaculations),  but  he  developed  no  beard,  his  voice  did  not  change  and  libido  was 
never  vigorous.  In  1929,  after  an  attack  of  pain  in  the  left  flank  with  gross  hematuria,  a  cal¬ 
culus  was  removed  from  the  left  renal  pelvis.  Since  the  onset  of  his  condition  in  1926  he 
noticed  that  he  bruised  easily.  In  November,  1935,  while  he  was  being  treated  in  another 
hospital  for  a  traumatic  injury  of  the  leg,  his  blood  pressure  was  found  to  be  1 50/1 10,  the 
blood  N.P.N.  51  mg.  %.  In  January  of  1937,  when  he  appeared  in  the  dispensary  of  the  New 
Haven  Hospital,  he  presented  a  typical  basophilic  appearance.  He  was  only  142  cm.  tall  and 
weighed  58  kg.  His  extremities  were  quite  thin,  but  his  face  was  rubicund  and  fat  with  thick 
cheeks  and  jowls;  the  neck  was  short  and  fat  and  there  was  a  heavy  lump  of  fat  over  the  back 
of  the  neck.  The  trunk  was  shortened  and  appeared  quite  obese  with  purplish  striae  on  the 
abdomen  and  about  the  hips,  axillae  and  shoulders.  The  face  was  ruddy  and  beardless,  pubic 
and  axillary  hair  was  scanty,  genitalia  small.  His  voice  was  high  and  boyish.  The  blood  pres¬ 
sure  varied  from  170/138  to  200/150;  the  heart  was  enlarged  and  there  was  slight  pitting 
edema  of  the  ankles.  The  urine  contained  a  trace  of  albumin  and  occasional  leucocytes  and 
gave  a  positive  test  for  sugar.  Blood  count  results  were  red  blood  cells  6.0  to  6.5  million, 
.  hemoglobin  91  to  94%.  X-ray  revealed  generalized  osteoporosis,  compression  fractures  of 
the  lumbar  vertebrae,  multiple  fractures  of  the  ribs.  In  addition  there  were  deposits  of  cal¬ 
cium  in  the  subcutaneous  tissues  of  the  hands  and  in  the  femoral  arteries.  Intravenous 
pyelograms  and  x-rays  after  air  injection  gave  no  evidence  of  tumor  or  enlargement  of  the 
adrenal  glands.  Basal  metabolism  was  — 10%.  Blood  N.P.N.  was  29  mg.  %,  blood  sugar  81 ; 
serum  albumin  was  3.22%,  globulin  2.78,  cholesterol  was  181  mg.  %,  Ca  9.3,  inorganic  P 
3.4;  serum  CO2  64.2  vol.  %,  Cl  106.6  m.Eq.  per  liter.  The  urine  had  androgenic  activity 
equivalent  to  27  i.u.  per  24  hours. 
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80266,  a  female,  bom  in  1925,  developed  pubic  hair  in  1929,  at  the  age  of  4.  In  1932, 
though  she  was  only  7,  axillary  hair  had  appeared  and  her  voice  had  become  deeper.  When 
she  was  first  seen,  in  1933,  at  8,  she  was  5  ft.  tall,  weighed  94  lb.;  she  had  heavy  pubic  and 
axillary  hair  and  a  masculine  appearance.  Her  blood  pressure  was  normal.  She  was  next  seen 
in  1937,  when  she  was  1 1  years  old.  In  the  interval  she  had  grown  less  than  an  inch  in  height, 
but  had  gained  22  lb.  She  was  stocky,  but  not  obese,  with  a  masculine  build,  deep  voice, 
heavy  features,  some  hair  on  her  face,  excessive  hair  on  the  extremities  and  trunk,  heavy 
axillary  hair  and  pubic  hair  extending  in  a  masculine  manner  up  to  the  navel.  The  breasts 
were  quite  undeveloped,  the  clitoris  greatly  hypertrophied.  Her  blood  pressure  was  never 
distinctly  elevated,  although  on  one  or  two  occasions,  the  systolic  pressure  approached  140 
and  the  diastolic  90  mm.  Hg.  Blood  sugar,  glucose  tolerance,  basal  metabolism,  renal  function, 
serum  calcium  and  phosphate  were  all  normal.  X-ray  revealed  a  fairly  heavy  skeletal  structure 
without  signs  of  osteoporosis,  but  with  all  epiphyses  completely  united.  According  to  her 


Fig.  I.  Urine  estrogens  and  androgens  and  the  effects  of  treatment.  Case  80266. 


bony  development  she  was  an  adult.  Intravenous  pyelograms  were  negative.  In  the  x-rays 
after  air  injection  were  seen  shadows  which  suggested  bilaterally  enlarged  adrenal  glands. 
Exploratory  operation  revealed  small,  but  apparently  normal,  ovaries  and  an  infantile  uterus. 
No  arrhenoblastoma  was  discovered,  therefore  exploration  of  the  adrenals  was  undertaken. 
The  right  was  partly  exposed,  but  no  tumor  was  found.  The  left  was  then  exposed  and, 
because  it  proved  to  be  much  enlarged,  was  removed.  The  postoperative  course  was  compara¬ 
tively  uneventful.  Afterwards,  her  breasts  which  were  quite  flat  and  boyish,  for  a  short  time 
seemed  to  enlarge  slightly,  but  no  other  changes  were  detected.  In  the  subsequent  2§ 
years  the  facial  hirsutism  has  increased  somewhat,  but  otherwise  her  condition  has  been 
stationary.  Her  blood  pressure  is  still  quite  normal. 

The  record  of  her  urinary  male  sex  hormone  assays  is  shown  in  figure  i.  The  androgenic 
titer  before  operation  was  extremely  high,  while  the  estrogenic  was  normal.  After  adrenalec¬ 
tomy  the  androgenic  titer  fell  precipitately,  but  the  drop  was  not  maintained.  At  the  end  of 
a  year  there  was  more  male  sex  hormone  than  ever.  After  a  course  of  theelin  injections,  first 
5000  and  then  10,000  u  a  week,  it  fell  again,  only  to  rise  rapidly  as  soon  as  the  injections  were 
discontinued.  After  a  second  course  of  20,000  and  then  40,000  u  a  week,  it  was  higher  than 
ever.  In  the  summer  and  fall  of  1939  she  received  for  a  long  period,  as  estradiol  benzoate,  the 
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equivalent  of  100,000  u  of  theelin  a  week.  Although  her  mother  thought  her  breasts  again 
increased  slightly  in  size,  and  although  on  two  occasions  she  seemed  to  discharge  minute 
quantities  of  blood  per  vaginam,  the  urinary  male  sex  hormone  and  the  facial  hirsutism  have 
increased.  Since  treatment  was  interrupted  she  has  again  had  a  period  of  bleeding,  suggesting 
menstruation,  this  time  lasting  3  days.  The  androgenic  material  was  isolated  from  her  urine 
and  proved  to  consist  chiefly  of  dehydroisoandrosterone,  with  a  slight  admixture  of  andro- 
sterone. 

A  68366,  a  female,  bom  in  1888,  about  1905  developed  coarse  black  hair  on  her  arms,  legs 
and  face,  which  increased  steadily.  About  1906  she  began  to  suffer  increasingly  from  head' 
aches  and  from  orthostatic  edema  of  the  ankles  and  feet.  She  was  married  in  1907  and  the  next 
year  gave  birth  to  a  child  that  is  reported  to  have  weighed  17^  lb.  and  lived  only  a  few 
minutes.  She  was  critically  ill  for  5  days  after  delivery  and  after  this  was  troubled  with 
permanent  blurring  of  vision.  In  1931  she  had  a  severe  menstrual  hemorrhage.  Menstruation, 
which  began  at  12,  was  always  irregular  with  excessive  flow.  On  one  occasion  she  had  amen¬ 
orrhea  for  5  years.  There  were  no  pregnancies  other  than  the  one  already  mentioned.  In 
1935,  because  of  palpitation,  exertional  dyspnea,  and  attacks  of  pain  in  the  precordium  radiat¬ 
ing  down  the  left  arm,  she  went  to  a  physician  who  discovered  hypertension.  On  Jan.  18, 
1937,  when  she  came  to  this  hospital,  she  was  extremely  obese,  weighing  98  kg.  There  was 
no  particular  pattern  to  the  obesity  and,  though  there  were  striae  in  the  flanks,  they  were 
not  discolored.  Her  face  was  hirsute,  the  clitoris  appeared  large.  Her  blood  pressure  was 
215/120,  there  were  small  retinal  hemorrhages,  the  heart  was  enlarged.  The  B.M.R.  was 
+  16%.  The  blood  N.P.N.  was  35  mg.  %,  sugar  234;  serum  albumin  4.51%,  globulin  2.57; 
CO2  66.1  vol.  %,  Cl  100.7  m.Eq.  per  liter;  Ca  9.8  mg.  %,  inorganic  P  4.3.  After  25  gm.  of 
glucose  intravenously  the  blood  sugar  curve  was  distinctly  diabetic. 

Minutes  o  30  60  90  120  215 

Blood  sugar  234  351  278  282  281  241 

X-ray  revealed  hyperostosis  along  the  inner  table  of  the  frontal  bone,  calcification  within  the 
sella  turcica  (probably  of  the  internal  carotid  artery)  and  in  the  region  of  the  pineal,  hyper¬ 
trophic  osteoarthritis  of  the  spine  with  an  old  fracture  of  one  lumbar  vertebra.  In  the  intra¬ 
venous  pyelogram  the  appearance  of  the  dye  was  delayed  and  the  middle  major  calyx  on  the 
right  did  not  fill  properly.  Visualization  of  the  adrenal  regions  after  air  injections  was  un¬ 
satisfactory.  In  spite  of  the  high  blood  sugar  she  had  only  occasional  traces  of  sugar  in  the 
urine,  which  was  free  from  albumin.  The  androgenic  activity  of  her  urine  was  equivalent  to 
28  i.u.  per  24  hours,  estrogenic  activity  83. 

A  41948,  a  female,  bom  in  1899,  did  not  begin  to  menstruate  until  1914,  at  the  age  of 
15.  Her  periods  after  that  were  infrequent,  occurring  at  intervals  of  3  to  6  months,  and  char¬ 
acterized  by  prolonged  but  scanty  flow.  With  the  onset  of  menstruation  her  weight  increased 
rapidly  and  hair  began  to  grow  on  her  face.  In  1917,  at  18,  she  weighed  224  lb.  In  1928  she 
was  discovered  to  have  diabetes.  In  1932  her  gall  bladder  was  removed  because  of  biliary  colic 
with  gall  stones.  After  this  she  menstruated  every  6  weeks;  duration  of  flow  was  2  days. 
In  1933  her  adrenals  were  explored  and  the  right  removed,  at  another  hospital,  although  they 
appeared  normal,  because  hypertension  was  discovered  in  addition  to  diabetes  and  hirsutism. 
After  this  menstruation  occurred  at  normal  28-day  intervals,  but  otherwise  her  condition  re¬ 
mained  unchanged.  When  she  was  admitted  to  this  hospital  on  Nov.  19,  1934,  she  was  ex¬ 
tremely  obese  without  any  particular  pattern,  she  had  a  heavy  growth  of  hair  on  her  face, 
but  the  hair  on  her  body  was  normal  in  quantity  and  distribution.  Her  blood  pressure  was 
170/100,  but  became  normal  in  the  hospital,  as  it  had  on  the  previous  occasion.  She  had  ob¬ 
vious  diabetes.  X-rays  of  skull  and  skeleton  revealed  no  abnormalities  other  than  mild  hyper¬ 
trophic  arthritis  of  the  spine.  No  chemical  abnormalities  of  the  blood  could  be  discovered.  She 
was  seen  at  intervals  for  4  years.  On  her  last  admission  to  the  hospital  uterus  and  ovaries 
were  removed  for  pelvic  inflammatory  disease.  Except  for  the  evidences  of  infection  they 
were  normal.  There  has  been  no  definite  change  in  her  condition  since  she  was  first  seen.  The 
androgenic  activity  of  her  urine  in  1937  was  equivalent  to  22  international  units  per  24  hours. 

E.  H.,  female,  born  in  1915,  in  1932  noticed  increasing  growth  of  hair  on  her  face  and  to  a 
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less  extent  on  her  chest.  Her  arms  and  legs  had  always  been  hirsute  and  this  did  not  increase. 
Menstruation  had  begun  at  the  usual  age,  but  occurred  only  at  intervals  of  2  to  3  months. 
In  the  summer  of  1937  the  periods  became  even  less  frequent,  with  amenorrhea  on  one  oc' 
casion  for  7  months.  When  seen  in  1937  she  was  somewhat  overweight  with  a  normal  pat- 
tern  of  obesity,  well  developed,  feminine  as  far  as  structure,  voice  and  other  features  were 
concerned.  Her  breasts  were  fairly  large,  her  external  genitalia  normal,  the  hair  on  her  head 
thick  and  curly.  There  was,  however,  a  profuse  growth  of  hair  on  her  face,  extending  down- 
ward  beneath  the  chin  on  to  the  neck  and  having  the  distribution  of  a  male  beard.  There 
was  also  a  small  tuft  over  the  sternum,  a  considerable  growth  over  the  sacrum,  an  extension 
from  the  pubes  to  the  navel,  and  a  thick  growth  over  the  lower  extremities  and  forearms. 
Otherwise  physical  and  laboratory  examinations  were  noncontributory.  Upon  questioning 
her  it  was  discovered  that  her  maternal  grandmother  and  aunts  had  also  been  affected  with 
hirsutism  and  infrequent  menstruation.  In  fact,  her  mother,  who  brought  the  patient  in, 
had  adopted  epilation  as  a  profession,  largely  to  treat  the  members  of  the  family.  The  andro¬ 
genic  activity  of  the  urine  of  this  patient  was  equivalent  to  41  i.u.  per  24  hours. 

About  two  months  later  another  woman,  M.  K.,  born  in  1906,  appeared  with  a  very 
similar  condition.  She  disclaimed  any  family  history  of  hirsutism  or  menstrual  irregu¬ 
larities;  but,  since  she  had  been  orphaned  at  an  early  age  her  story  was  not  entirely 
rehable.  Upon  closer  questioning  it  was  discovered  that  she  was  undergoing  epilation 
at  the  hands  of  her  aunt,  who  was  no  other  than  the  mother  of  E.  H.,  the  preceding 
patient. 

A  76531,  a  female,  bom  in  1905,  began  to  menstmate  at  13;  but  her  periods  were  always 
irregular,  and  finally  ceased  at  21'.  However,  she  did  not  lose  her  normal  sexual  interest. 
Four  years  later,  in  1930,  she  married;  but  after  another  7  years,  without  any  contraceptive 
precautions,  had  never  become  pregnant.  In  1920  she  began  to  develop  a  hairy  growth  on  the 
face  and  chest.  She  had  always  tended  to  be  obese.  She  appeared  stocky  and  obese,  without 
any  characteristic  pattern  of  obesity.  Her  breasts  were  flat  with  small  nipples,  but  a  con¬ 
siderable  areola,  the  torso  tending  toward  the  masculine,  the  abdominal  musculature  heavy. 
There  was  a  diffuse  dorsal  kyphosis.  Her  face  had  evidently  been  epilated  by  x-ray  and  there 
was  a  diffuse  growth  of  hair  on  her  forearms,  shoulders,  chest  (including  the  breasts),  abdo¬ 
men  and  thighs.  The  external  genitalia  were  normal.  Otherwise  physical  and  laboratory  ex¬ 
aminations  were  negative.  The  androgenic  activity  of  her  urine  was  equivalent  to  54  i.u. 
per  24  hours.  It  was  discovered  that  she  had  one  sister,  aged  39,  who  resembled  her  in  general 
appearance  in  in  history,  another  sister,  aged,  37,  with  patchy  hirsutism  of  the  face,  a  third, 
aged  36,  with  excessive  hair  on  her  upper  lip,  a  cousin  with  facial  hirsutism,  childless  after 
10  years  of  marriage,  and  an  aunt  with  hirsutism,  obesity  and  irregular  menses,  who  had  a 
son  25  years  old. 

16423,  a  male  bom  in  1889,  was  admitted  to  the  hospital  Mar.  3, 1937,  complaining  of  im¬ 
potence  of  8  months’  duration,  and  frontal  headaches  of  10  years’  duration.  However,  it  was 
discovered  that  testicular  atrophy  had  been  noted  as  early  as  1926.  He  presented  some 
of  the  stigmata  of  the  adiposogenital  syndrome,  especially  prominent  nipples  with  a  distinct 
areola,  exaggerated  carrying  angles  and  slight  knock-knees.  The  external  genitalia  were  small, 
no  testicular  tissue  could  be  detected  in  the  scrotal  sac,  and  there  was  a  slight  right  inguinal 
hernia.  Otherwise  physical  and  laboratory  findings  were  not  unusual.  X-ray  of  the  skull  re¬ 
vealed  slight  convolutional  atrophy  and  calcification  of  the  pineal  body.  The  urine  had  andro¬ 
genic  activity  equivalent  to  11  i.u.  per  24  hours,  estrogenic  activity  less  than  40. 

A  29887,  a  female,  bom  in  1919,  at  the  age  of  14,  came  to  this  clinic  because  she  was 
undersized  and  had  never  menstruated.  She  was  only  134.4  cm.  tall  and  weighed  44.5  kg., 
her  breasts  were  undeveloped,  she  had  no  axillary  hair  and  only  sparse  pubic  hair,  although 
the  growth  on  her  forearms  was  unusually  profuse.  Otherwise  physical  and  laboratory  ex¬ 
aminations  revealed  nothing  of  significance.  Her  parents  were  small,  but  not  of  the  diminutive 
pattern  of  the  patient.  She  has  been  followed  for  6  years  and,  in  spite  of  thyroid  and  pituitary 
products  has  not  developed  appreciably  in  size,  and  has  never  menstruated.^  Nevertheless  her 
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mentality  is  not  impaired  and  she  appears  to  have  normal  sexual  inclinations.  X'ray  has  re¬ 
vealed  incomplete  fusion  of  the  epiphyses  and  flaring  of  the  metaphyseal  ends  of  the  long 
bones,  which  are  interpreted  as  signs  of  osteochrondrodystrophy.  The  androgenic  activity 
of  the  urine  proved  to  be  equivalent  to  28  i.u.  in  24  hours,  estrogenic  25. 

The  first  2  cases  (A  33012  and  A  41987)  have  been  reported  already  in  whole  or 
in  part  (i,  21).  Both  proved  at  autopsy  to  have  basophilic  adenomas.  The  third  case 
(A  65716)  also  belongs,  by  definition,  in  the  basophilism  category  because,  at  autopsy, 
no  tumor  or  hyperplasia  of  any  endocrine  gland  could  be  discovered.  Crooke’s  changes 
were  demonstrated  in  the  basophilic  cells  of  the  pituitary.  In  only  one  of  the  other 
cases  (80266)  is  there  any  positive  information,  as  yet,  concerning  the  anatomical  le¬ 
sion  responsible  for  the  pathologic  condition.  This  patient  was  found,  at  operation,  to 
have  adrenal  cortical  hyperplasia  and  was  subjected  to  unilateral  adrenalectomy.  It 
will  be  noted  that  she  is  the  only  one  of  the  series  who  had  excessive  androgenic  sub¬ 
stances  in  the  urine  and  the  only  one  who  desplayed  definite  signs  of  virilism.  Cases 
A  67094,  A  90010  and  B  692  all  presented,  besides  the  characteristic  habitus  of  baso¬ 
philism  and  some  degree  of  hypertension,  amenorrhea  and  hirsutism.  Nevertheless  the 
titer  of  androgenic  activity  in  the  urines  of  all  these  was  normal.  In  this  they  re¬ 
sembled  A  65716,  with  proved  basophilism.  Failure  to  demonstrate  adrenal  cortical 
enlargement  or  tumors  in  these  patients  by  pyelograms  or  by  x-rays  after  air  injections 
does  not  exclude  these  conditions.  These  cases  may,  however,  be  added  to  the  few  al¬ 
ready  in  the  literature  who  have  the  basophilic  syndrome  without  excessive  andro¬ 
genic  activity  in  the  urine. 

The  greatest  importance  seems  to  us  to  attach  to  the  contrast  between  cases 
A  72746  and  80266  in  which  the  disease  began  during  the  developmental  period.  The 
latter,  in  addition  to  signs  of  virilism,  presented  the  appearnce  described  as  character¬ 
istic  of  corticoadrenalism  in  childhood.  In  addition  to  hirsutism  and  sexual  precocity 
with  masculine  features  her  skeleton  developed  precociously.  At  the  age  of  8  she  had 
attained  almost  her  full  size,  between  8  and  ii  all  her  epiphyses  united.  Although  she 
was  small  in  stature  she  was  an  adult  in  structure.  Her  urine  contained  excessive  an¬ 
drogenic  activity  and  her  adrenal  cortices  were  hyperplastic.  The  rapid  diminution  of 
androgenic  titer  after  removal  of  one  adrenal  gland  suggests  that  the  connection  be¬ 
tween  these  two  features  was  more  than  coincidental. 

Case  A  72746  had  all  the  characteristics  of  basophilism,  including  habitus,  hyper¬ 
tension,  diminished  carbohydrate  tolerance  and  advanced  osteoporosis.  Instead  of 
virilism,  however,  his  sexual  functions  were  subnormal.  His  urinary  androgenic  assay 
result  was  low.  With  this  it  will  be  seen  that  physical  and  sexual  development  were 
distinctly  retarded  and  epiphyseal  union  was  delayed  or  inhibited.  No  adrenal  tumors 
or  enlargement  could  be  demonstrated  in  this  man  by  x-ray.  It  is  suggested  tentatively 
that  he  be  placed  in  the  basophilism  category  because  of  the  normal  titer  of  androgenic 
substance  in  his  urine.  Whether  this  may  or  may  not  prove  to  be  a  satisfactory  differ¬ 
ential  criterion,  it  is  clear  from  these  two  cases  that  patients  with  the  diseases  in  ques¬ 
tion  fall  into  two  groups  that  are  distinguished  not  only  by  the  presence  or  absence  of 
virilism  and  the  amounts  of  androgenic  hormone  they  excrete,  but  also  by  their  pat¬ 
tern  of  structural  development.  Delayed  epiphyseal  union  has  been  reported  by  Frey- 
berg.  Barker,  Newburgh  and  Coller  (22)  in  a  patient  aged  19  who  proved  at  autopsy 
to  have  a  basophilic  tumor;  by  Meyler  and  Hommes  (23)  in  a  patient  aged  17  with  the 
basophilic  syndrome  in  whom  no  enlargement  or  tumor  of  the  adrenals  was  discovered 
at  autopsy;  and  in  a  case  aged  21  reported  by  Horing  (24),  the  nature  of  which  was 
not  determined.  Wright  (25),  on  the  other  hand,  in  a  patient  aged  ii  with  proved  bas¬ 
ophilism,  found  bony  development  quite  normal.  It  may  be  of  some  significance  that 
in  Wright’s  case  the  disease  had  been  active  only  18  months,  whereas  in  the  others  it 
had  lasted  much  longer.  Of  course,  too  much  weight  can  not  be  given  to  delayed  epi- 
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physeal  union  in  subjects  with  serious  illnesses.  It  is  frequently  encountered  as  part 
of  the  picture  of  infantilism  in  patients  with  all  kinds  of  diseases  that  interfere  with 
nutrition  or  with  the  function  of  some  organ  system  essential  to  life.  Nevertheless,  in 
these  cases  it  stands  in  striking  contrast  to  the  precocity  of  growth  that  is  so  often 
seen  in  children  with  corticoadrenalism,  that  it  merits  more  extended  observation. 

In  this  connection  Dr.  Lukens  (26)  reported  a  young  girl  with  a  benign  adenoma  of 
the  adrenal  cortex.  Removal  of  the  adenoma  eliminated  the  clinical  manifestations  of 
her  disease:  amenorrhea,  virilism  and  hirsutism.  This  patient  presented  definite  signs 
of  virilism  and  sexual  precocity,  which  were  accompanied  by  premature  epiphyseal 
union.  Her  urine  was  examined  for  androgenic  activity  by  Dr.  Etorfman.  Before  opera- 
tion  it  assayed  160  i.u.  per  24  hours.  After  operation  this  rapidly  fell  to  6  i.u.  and  re¬ 
mained  in  this  vicinity  for  at  least  4  months.  Precocious  epiphyseal  union  in  cortico¬ 
adrenalism  has  been  reported  also  by  Lisser  (27)  and  Kepler  (28). 

It  should  be  added  that  the  absence  of  obesity,  striae,  frank  hypertension,  intoler¬ 
ance  for  carbohydrate  and  osteoporosis  in  case  80266  has  led  us  to  suspect  arrheno- 
blastoma  in  spite  of  the  negative  pelvic  exploration  and  a  second  exploration  is  con¬ 
templated.  It  is  conceivable  that  the  adrenal  hyperplasia  in  this  case  is  a  secondary 
phenomenon.  Kronke  and  Parada  (29)  have  reported  a  case  in  which  cortical  hyper¬ 
trophy  and  an  “ovarian  teratoma”  were  discovered  in  the  same  woman  with  a  baso¬ 
philic  syndrome.  The  condition  of  the  adrenals  in  most  cases  of  arrhenoblastoma  is 
not  ascertained. 

The  urines  of  only  a  few  of  these  patients,  including  case  80266  and  Dr.  Lukens’ 
case,  were  assayed  for  estrogenic  activity,  which  proved  to  be  consistently  normal. 
This  lends  no  support  to  Frank’s  claims  (8). 

The  remaining  7  cases  are  presented  for  comparison.  The  first  5  were  referred  to 
the  hospital  as  cases  of  basophilism  or  other  types  of  pituitary  disease.  All  had  hirsu¬ 
tism  of  varying  degree;  the  first  2  (A  68366  and  A  41948)  had  hypertension  and  dia¬ 
betes  in  addition.  However,  their  obesity  was  not  of  the  characteristic  pattern  and 
they  did  not  have  purple  striae.  Moreover,  menstruation  was  abolished  in  neither. 
Their  sex  hormone  titers  were  normal.  Exploratory  operation  in  A  41948  revealed 
normal  adrenals,  although  one  was  removed  to  no  effect  with  the  hope  of  relieving  her 
condition.  Subsequently,  the  belief  that  pituitary  disease  precluded  pregnancy  led 
her  to  indiscriminate  activities  that  resulted  in  a  pelvic  infection.  Except  for  the  ef¬ 
fects  of  this  infection,  uterus  and  ovaries  were  normal  and  apparently  functioning  ac¬ 
tively.  It  seems  highly  doubtful  whether  these  and  other  similar  cases  presenting  only 
some  of  the  features  of  basophilism  belong  to  the  conditions  under  discussion.  The 
characteristic  habitus  and  amenorrhea  appear  to  be  the  most  important  and  constant 
signs  of  basophilism  and  corticoadrenalism;  without  them  the  diagnoses  should  prob¬ 
ably  not  be  made.  Signs  of  virilism  and,  possibly,  assays  of  urine  must  be  relied  upon 
for  the  diagnosis  of  arrhenoblastoma. 

The  next  3  cases  (£.  H.,  M.  K.  and  A  76531)  illustrate  another  phase  of  the  diag¬ 
nostic  problem.  All  three  were  afflicted  to  a  most  distressing  degree  with  hirsutism, 
all  were  overweight  and  all  had  infrequent  menstrual  periods.  None  presented  the 
basophilic  habitus,  hypertension,  metabolic  disturbances  or  virilism.  Structurally  they 
were  unmistakably  feminine.  Results  of  androgenic  assay  of  the  urines  in  every  case 
were  normal.  In  each  instance  the  curse  of  hirsutism  was  found  to  be  a  hereditary 
trait  which,  in  other  members  of  their  families,  had  led  to  no  attendant  evils  and — 
perhaps  unfortunately — had  not  seriously  impaired  fertility.  Whether  such  hirsutism 
arises  from  a  congenital  disorder  of  endocrine  function  or  not,  it  is  doubtful  that  it  is 
susceptible  to  treatment  by  methods  now  at  our  disposal.  If  the  hirsutism  has  an  en¬ 
docrine  origin,  it  must  be  assumed  that  the  individual  activities  of  these  glands  can  be 
dissociated  by  nature.  We  do  not,  however,  possess  any  comparable  power  to  disso- 


July,  1940 


DIAGNOSIS  OF  BASOPHILISM 


13 


date  them.  Operative  treatment  cannot  be  expected  to  act  only  upon  the  hirsutism. 
If,  by  any  improbability  it  did  eliminate  this  stigma,  it  could  only  be  at  the  expense  of 
disasters  in  other  directions.  The  necessity  of  the  most  careful  inquiry  into  hereditary 
and  familial  patterns  in  the  analysis  of  presumptive  endocrine  conditions  is  illustrated 
by  these  cases. 

About  treatment  a  word  will  suffice.  This  series  offers,  thus  far,  nothing  but  faib 
ures.  X-ray  of  the  pituitary  glands  was  tried  in  most  of  the  cases  without  the  least 
success.  Some  have  had  repeated  courses  of  treatment.  Unihteral  adrenalectomy  in 
80266  had,  at  most,  an  evanescent  favorable  effect.  Injections  of  theelin,  even  in  the 
most  massive  doses,  contrary  to  the  experience  and  claims  of  Meyler  and  Hommes 
(23)  and  Dunn  (30)  were  without  benefit.  In  retrospect  the  drop  of  urinary  andro¬ 
genic  titer  after  the  first  course  of  theelin  in  low  dosage  seems  to  have  been  unrelated 
to  the  treatment,  a  spontaneous  remission  or  variation.  Certainly  it  was  accompanied 
by  no  improvement  of  symptoms  or  signs. 

DISCUSSION 

The  tentative  scheme  which  has  been  suggested  for  the  differentiation  of  the 
three  syndromes,  basophilism,  corticoadrenalism  and  arrhenoblastoma  is  not  original. 
These  cases  have  been  reported  merely  as  additional  evidence  with  the  hope  that  the 
solution  of  this  distressing  diagnostic  and  therapeutic  problem  may  be  hastened. 

From  the  purely  physiological  point  of  view  the  hypothesis  has  certain  implica¬ 
tions  concerning  the  activities  of  the  glands  involved.  Arrhenoblastomas  originate  in 
male  sexual  elements  persisting  in  the  ovary.  Since  cortical  hyperplasia  appears  to  pro¬ 
duce  the  same  effects  as  tumors  of  the  adrenal  cortex,  it  may  be  inferred  that  these  tu¬ 
mors  must  arise  from  and  function  as  normal  cortical  cells.  Nevertheless  there  are 
certain  features  of  corticoadrenalism  that  are  not  conventionally  associated  with  the 
actions  of  the  adrenal  cortex.  As  far  as  sexual  functions  are  concerned  these  tumors 
appear  to  resemble  in  their  effects  in  all  respects  arrhenoblastomas  and  to  secrete  male 
sex  hormone  or  an  allied  substance  with  the  same  action.  In  addition,  however,  they 
cause  hypertension  and  diabetes.  These  can  be  logically  connected  with  adrenal  cor¬ 
tical  activity.  At  least  absence  of  the  adrenals  causes  hypotension  and  alleviates  the 
diabetes  of  pancreatectomy.  It  has  been  claimed  by  some  observers  that  serum  sodium 
is  elevated  in  corticoadrenalism,  the  reverse  of  the  condition  found  in  Addison’s  dis¬ 
ease,  in  which  it  is  reduced.  This  we  have  been  unable  to  verify,  although  the  electro¬ 
lytes  in  the  sera  of  many  of  our  patients  have  been  measured.  If  our  analysis  of  these 
syndromes  has  been  correct  and  if  the  pituitary  lesions  which  have  been  described  in 
basophilism  have  the  significance  which  has  been  attributed  to  them,  the  basophilic 
cells  must  have  some  influence  upon  sexual  functions.  This  simulates,  but  is  not  iden¬ 
tical  with  that  of  the  adrenal  cortical  cells.  It  is  highly  unlikely  that  the  pituitary  se¬ 
cretes  a  direct  sexual  hormone;  it  does  not  even  appear  to  stimulate  the  secretion  of 
male  elements  sufficiently  to  induce  actual  masculinization  or  to  permit  the  detection 
of  an  excess  of  these  elements  in  the  urine.  In  other  respects  its  effects  are  indistin¬ 
guishable  from  those  of  adrenocortical  tumors.  This  suggests  that  it  acts  through  the 
adrenals  by  means  of  an  adrenotropic  hormone.  This  would  explain  both  hypertension 
and  diabetes.  It  would,  however,  seem  to  require  a  differentiation  of  activity  in  the 
adrenal  cortex,  since  the  true  masculinization  seen  in  the  adrenocortical  syndrome  is 
lacking  in  basophilism.  Further  confusion  is  engendered  by  the  fact  that  diabetes  oc¬ 
curs  with  both  acromegaly  and  basophilism.  One  would  hesitate  either  to  ascribe  se¬ 
cretion  of  the  carbohydrate  metabolism  hormone  of  the  pituitary  to  both  eosinophilic 
and  basophilic  cells  or  to  conclude  that  the  pituitary  gland  secretes  two  carbohydrate 
metabolism  hormones,  one  of  which  may  be  identified  with  the  adrenotropic  hormone. 

The  physiological  problem  becomes  even  more  complex  if,  in  adult  males,  cortico- 
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adrenalism  gives  rise  to  gynecomastia  and  suppression  of  sexual  activity,  although,  if 
this  proves  to  be  consistently  the  case,  diagnosis  may  be  simplified. 

For  the  osteoporosis  there  is  no  explanation.  It  was  at  first  prematurely  attributed 
to  the  action  of  a  parathyrotropic  hormone.  As  osteoporosis  is  common  to  both  baso' 
philism  and  corticoadrenalism,  this  would  require  that  both  glands  secrete  such  a  hor- 
mone  or  that  one  of  them  act  on  the  parathyroid  through  the  other,  both  rather  clum' 
sy  hypotheses.  It  is  most  improbable  that  the  parathyroids  are  involved  at  all.  The 
osteoporosis  of  basophilism  brings  with  it  none  of  the  disorders  that  mark  hyperpara' 
thyroidism;  serum  calcium,  phosphate  and  phosphatase  have  been  normal  in  those 
cases  in  which  they  have  been  measured.  No  specific  disturbances  of  the  metabolism 
of  calcium  and  phosphorus  have  been  evoked  by  administration  of  preparations  of  the 
pituitary  or  the  adrenal  cortex,  or  of  the  male  sex  hormone  or  by  removal  of  pituitary, 
adrenals  or  testes.  It  is  obvious  from  the  decalcification  of  the  bones  that  there  must 
be  wastage  of  calcium  and  phosphorus.  The  frequent  incidence  of  urinary  calculi 
(found  in  2  of  the  present  cases)  and  of  metastatic  calcification  (also  found  in  2  of  our 
series)  are  in  themselves  evidence  that  in  certain  phases  of  the  disease,  at  least,  exces' 
sive  quantities  of  calcium  and  phosphorus  are  proffered  to  the  tissues  and  poured  into 
the  urine.  It  has  been  shown  (31-34)  that  calcium  equilibrium  cannot  be  maintained 
in  patients  with  the  basophilic  syndrome  with  osteoporosis  by  administration  of 
moderate  excesses  of  calcium.  Freyberg  and  Grant  were  unable  to  establish  a  positive 
balance  in  their  case  by  the  administration  of  a  high  calcium  diet  even  with  the  addi' 
tion  of  sodium  phosphate  and  viosterol. 

If  corticoadrenalism  is  to  be  attributed  to  overactivity  of  the  adrenal  cortex,  it 
should  be  the  exact  reverse  of  Addison’s  disease  or  adrenalectomy.  Moreover,  it 
should  be  possible  by  administration  of  active  extracts  of  the  adrenal  cortex  to  repro' 
duce  the  corticoadrenal  syndrome.  This  does  not,  however,  seem  to  be  the  case: 
neither  removal  of  the  adrenals  nor  cortical  extract  seems  to  have  any  distinct  influ' 
ence  upon  the  sexual  organs  or  functions.  The  substance  recovered  from  the  urine  of 
patients  with  corticoadrenalism  has  a  composition  similar  to,  but  not  identical  with 
those  attributed  to  the  true  male  sex  hormone  and  the  presently  accepted  cortical  hor' 
mone.  This  latter,  corticosterone,  and  its  variant,  desoxycorticosterone,  appear  to  be 
capable  of  reversing  all  the  symptoms  and  functional  disturbances  which  result  from 
removal  or  destruction  of  the  adrenals.  There  is  an  extraordinary  similarity  between 
the  hormones  of  the  sex  glands  and  those  of  the  adrenal  cortex.  The  urines  of  members 
of  both  sexes  contain  both  androgenic  and  estrogenic  substances,  the  former  chiefly  as 
androsterone.  Dorfman,  Cook  and  Hamilton  (35)  have  recently  shown  that  when  tes' 
tosterone,  the  male  hormone  derived  from  the  testis,  is  given  to  males  with  diminished 
sexual  function,  androsterone  appears  in  the  urine.  Therefore,  testosterone  seems  to 
be  converted  in  the  body  to  androsterone.  Patients  with  corticoadrenalism  excrete 
small  amounts  of  androsterone,  larger  amounts  of  an  allied  substance,  dehydroisoan' 
drosterone  (i  i,  12).  It  was  this  that  made  up  the  major  part  of  the  androgenic  material 
in  the  urine  of  case  80266  in  this  series.  It  has  recently  been  found  that  women,  after 
removal  of  the  ovaries,  also  excrete  dehydroisoandrosterone  (36).  This  substance, 
therefore,  must  be  formed  outside  the  gonads,  probably  in  the  adrenal  cortex.  The 
question  may  be  raised  whether  it  is  a  product  of  abnormal  cortical  activity,  derived 
from  corticosterone  or  whether  the  cortex  of  the  adrenal  has  a  dual  function.  It  is  not 
impossible  that  the  native  cortical  hormone  is  notidentical  with  either  of  these  prod' 
ucts,  but  is  a  predecessor  common  to  both. 

The  analysis  of  symptoms,  the  hypotheses  based  on  this  analysis  and  the  discus' 
sion  of  their  physiological  impUcations  must  be  regarded  to  a  certain  extent  as  specula' 
tive  attempts  at  first  evaluations.  Far  more  work  is  necessary  before  they  can  be  sub' 
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stantiated  or  replaced  by  sounder  structures.  This  end  will  be  immeasurably  acceler¬ 
ated  if  more  meticulous  attention  is  given  to  the  collection  of  complete  data.  Infor¬ 
mation  should  be  collected  in  all  cases  on  all  the  points  that  have  been  mentioned  and 
others  that  may,  in  the  future,  prove  to  be  important  in  order  that  our  knowledge  of 
these  diseases  and  our  powers  to  distinguish  them  may  advance  as  rapidly  as  possible. 
Studies  of  structural  and  sexual  development  and  assays  of  urine  for  androgenic  ac¬ 
tivity  appear  to  have  particular  importance. 

SUMMARY 

From  a  review  of  the  literature  and  a  study  of  a  series  of  cases  an  attempt  has  been 
made  to  6nd  criteria  by  which  the  basophilic  and  corticoadrenal  syndromes  can  be 
distinguished  from  one  another  and  from  arrhenoblastoma.  Arrhenoblastomas  are  sel¬ 
dom  if  ever  attended  by  the  circulatory  or  metabolic  disorders  which  usually  charac¬ 
terize  the  two  other  conditions.  True  virilism  seems  to  occur  only  with  adrenal  cor¬ 
tical  tumors  or  hyperplasia  and  with  arrhenpblastoma.  In  the  former  conditions  the 
urine  contains  excessive  amounts  of  materials  having  androgenic  activity.  If  the  con¬ 
dition  appears  before  growth  is  completed  corticoadrenalism  gives  rise  to  precocious 
development  and  precocious  union  of  the  epiphyses;  while  in  basophilism  develop¬ 
ment  and  epiphyseal  union  appear  to  be  retarded.  In  no  case  of  this  series  in  which  it 
was  measured  did  urinary  estrogenic  activity  exceed  normal  limits. 
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Despite  the  fact  that  healthy  females  excrete  quantities  of  androgens  com- 
parable  to  those  excreted  by  males,  no  clear-cut  r6le  has  been  assigned  them 
in  gynecic  physiology.  A  suggestion  was  offered  by  two  of  us  (E.  C.  H.  and 
W.  K.  C.,  i)  that  some  connection  might  exist  between  androgenic  values  and  com' 
plexional  characteristics  of  women.  Others  studies  by  some  members  of  our  group 
(2)  indicated  a  possible  role  for  androgens  in  the  climacteric:  a  theory  was  advanced 
that  ultimate  stabilization  of  the  compensatory  hyperactivity  of  the  pituitary  and, 
to  a  great  degree,  the  characteristic  sexual  regression  of  the  post-menopausal  period 
were  related  to  increases  in  androgenic  metabolism.  In  contrast  to  findings  in  studies 
of  titers  of  estrogens  and  pregnandiol  complex,  there  has  been  little  evidence  that 
characteristic  fluctuations  occur  in  the  concentration  of  androgens  during  different 
phases  of  the  menstrual  cycle  (3).  Because  of  a  possible  bearing  on  the  endocrine  as' 
pects  of  uterine  bleeding,  these  studies  of  urinary  androgens  during  bleeding  and 
nonbleeding  phases  are  reported. 


METHOD 

The  colorimetric  technic  for  quantitation  of  urinary  androgens,  which  was  dc' 
scribed  by  Oesting,  was  employed  (4).  Urine  was  prepared  for  colorimetric  quantita' 
tion  by  a  modified  method  of  extraction,  previously  described  by  two  of  us  (W.  K.  C. 
and  M.  B.,  5).  Since  it  had  not  been  established  that  the  presence  of  menstrual  blood 
in  urinary  specimens  might  not  interfere  with  colorimetric  studies  made  during  bleed' 
ing,  we  made  control  studies  upon  specimens  of  known  androgenic  contents  to  which 
varying  amounts  of  blood  (comparable  to  those  contaminating  menstrual  specimens) 
were  added.  No  interference  with  colorimetric  readings  was  established. 

Daily  24'hour  urines  of  9  patients,  whose  levels  of  ovarian  function  varied  from 
those  judged  as  normal  to  those  of  diverse  degrees  of  failure,  were  collected  for  in' 
tervals  which  ranged  from  5  to  44  days  during  nonbleeding  phases  to  4  to  6  days 
during  bleeding  phases.  Androgenic  determinations  were  made  upon  each  24'hour 
specimen  of  urine.  Average  daily  titers  of  androgens,  expressed  in  i.u.,  were  calcu 
lated  for  the  bleeding  and  nonbleeding  phases  of  each  patient.  The  results  of  these 
studies,  together  with  the  significant  clinical  data  of  each  patient,  are  summarized  in 
table  I. 

DISCUSSION 

These  data  apparently  indicate  that,  in  general,  bleeding  occurs  during  times 
when  relative  decreases  in  androgenic  levels  occur.  While  no  data  are  available  on 

*  A  part  of  the  expenses  incurred  in  these  studies  was  defrayed  from  funds  made  available  through 
a  grant  of  The  Ciba  Pharmaceutical  Products,  Inc.,  Summit,  N.  J. 

*  Ciba  Fellow  in  Clinical  Endocrinology. 
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Table  i.  Androgenic  titers  during  bleeding  and  nonbleeding  phases 


Patient 

Age 

Average  daily 
androgens, 
during 
bleeding 
phase 

Average  daily 
androgens 
during 
nonbleeding 
phase 

No.  deter¬ 
minations 
during 
bleeding 
phase 

No.  deter¬ 
minations 
during 
nonbleeding 
phase 

Menstrual 

histories 

M.P. 

20 

I.U. 

48 

I.u. 

44 

5 

19 

Oligomenorrhea;  L.M.P. 
2^  mo.  prior  to  initia¬ 
tion  of  studies 

KP. 

17 

45 

77 

6 

19 

Oligomenorrhea;  severe 
dysmenorrhea 

L.F. 

21 

69 

81 

6 

21 

Cyclic  menses:  severe 
dysmenorrhea 

M.F. 

21 

64 

100 

4 

9 

Cyclic  menses;  severe 
dysmenorrhea 

M.L. 

22 

50 

74 

5 

22 

Cyclic  menses;  severe 
dysmenorrhea 

P.W. 

22 

41 

65 

5 

44 

Oligomenorrhea;  severe 
dysmenorrhea 

C.C. 

26 

19 

64 

5 

5 

Oligomenorrhea;  severe 
dysmenorrhea 

M.H. 

21 

24 

28 

4 

10 

Cyclic  menses 

J.H. 

58 

81 

121 

6 

21 

Cyclic  menses;  men¬ 
strual  edema. 

Average  daily  titer  for  group  during  bleeding  phase  50  i.u.,  during  nonbleeding  phase  72  i.u. 


blood  levels  of  androgens,  it  would  seem  likely,  from  studies  of  urinary  titers  after 
injected  and  orally  administered  androgens  (6),  that  urinary  titers  may  be  considered 
representative  indices  of  blood  levels.  Apparently  then,  in  common  with  estrogens 
and  the  pregnandiol  complex,  androgens  tend  to  decrease  in  association  with  the  onset 
of  uterine  bleeding. 

As  has  been  observed  in  various  studies  of  levels  of  estrogens  and  the  pregnandiol 
complex,  considerable  individual  variations  occur  in  the  absolute  and  relative  levels 
of  androgens  during  bleeding  phases.  Patients  M.P.  and  M.H.  showed  no  significant 
falls  in  androgens  during  bleeding  phases;  in  fact,  there  was  a  slight  increase  in  the 
androgenic  titers  of  M.P.  during  bleeding.  It  may  be  significant  that  the  average 
titers  of  these  two  patients  were  the  lowest  of  the  entire  group.  Apparently,  more 
consistent  decreases  in  androgens  during  bleeding  occur  when  these  titers  are  rela¬ 
tively  high. 

It  is  likely,  from  these  studies  and  others  on  estrogens  and  pregnandiol  complex, 
that  a  decrease  in  the  levels  of  the  total  sex  sterols  rather  than  those  of  estrogens 
alone  may  be  the  important  factor  which  determines  the  onset  of  bleeding.  The  re¬ 
ported  hemostatic  effect  of  injected  androgens  in  the  treatment  of  functional  uterine 
bleeding  (7)  may  be  due  to  a  resulting  increase  in  the  level  of  total  sex  sterols  rather 
than  due  to  any  specific  action,  endometriotropic  or  otherwise,  of  the  androgens. 


SUMMARY 

The  average  urinary  titers  of  androgens  of  9  women  were  determined  by  the 
colorimetric  technic  of  Oesting  during  bleeding  and  nonbleeding  phases.  Seven  of  the 
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9  showed  significant  decreases  in  these  titers  during  bleeding.  The  average  daily  titer 
of  the  entire  group  during  the  nonbleeding  phase  was  72  i.u.  and  for  the  bleeding 
phase  it  was  50  i.u. 
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THE  RATE  OF  OCCURRENCE  OF  HYPOGLYCEMIA 

A  STUDY  OF  21,000  ROUTINE  FASTING  BLOOD  SUGARS 


JAMES  FINLAY  HART  and  JAMES  R.  LISA 
From  the  First  Medical  Division^  and  the  Pathological  Laboratories, 

}<lew  Tor}{  City  Hospital,  Department  of  Hospitals 

NEW  YORK  CITY 

IN  THIS  COMMUNICATION  we  rcpOTt  thc  occuirencc  of  hypoglycemia  in  the  routine 
fasting  blood  sugars  of  21,000  patients  at  the  New  York  City  Hospital,  Welfare 
Island.  The  study  comprised  those  estimations  made  between  January  i,  1932 
and  December  31,  1938.  During  that  time  the  great  majority  of  medical  patients 
had  routine  blood  sugar  examinations  while  those  in  the  other  departments  had 
estimations  made  only  if  suggestive.  During  the  7'year  period  of  our  survey  there 
were  61,814  admissions  to  the  hospital.  This  means  that  about  of  the  population 
of  the  hospital  was  represented. 

The  admissions  to  the  City  Hospital  constitute  a  cross  section  of  the  poorer  popu' 
lation  of  the  metropolis.  They  include  all  the  different  races  found  in  the  city  and 
although  we  have  large  active  acute  medical  and  surgical  wards  we  have  a  preponder' 
ance  of  patients  arriving  in  a  markedly  undernourished  state.  Many  have  been  bed' 
ridden  for  long  periods  of  time  at  home  or  in  other  hospitals  and  are  in  the  end  stages 
of  chronic  and  wasting  diseases. 

All  of  the  blood  sugars  were  taken  about  9  a.m.  on  a  fasting  stomach  and  about 
16  hours  after  the  last  meal.  The  method  used  for  estimation  was  the  Folin'Wu  and 
with  the  exception  of  vacations  were  performed  by  one  chemist. 

There  were  less  than  a  dozen  diabetics  discovered  in  the  21,000  cases.  This  was 
due  to  the  custom  of  making  other  provision  in  the  hospital  for  their  blood  sugar  esti' 
mations.  We  eliminated  the  known  diabetics  from  our  study  as  well  as  some  cases  of 
tuberculosis  and  malnutrition  that  were  taking  insulin  to  increase  their  weight. 

RESULTS 

There  was  a  total  of  2,371  individuals  who  had  a  fasting  blood  sugar  below  80 
mg.  This  represents  11%  of  the  21,000  under  consideration.  Of  these  1620  or  7% 
fell  between  70  and  79  mg.  There  were  493  or  2.3%  between  60  and  69  mg.  and  166 
or  0.8%  were  from  50  to  59  mg.  Seventy 'four  or  0.35%  were  from  40  to  49  mg.  and 
12  or  0.05%  between  30  and  39  mg.  Six  were  found  to  be  below  30  mg. 

Unfortunately  most  of  these  blood  sugar  estimations  were  not  repeated.  This  was 
found  to  be  due  largely  to  short  stays  in  the  hospital.  In  most  of  the  noticeably  low 
readings  the  records  showed  orders  for  rechecking  but  on  investigation  of  the  his' 
tories  it  was  found  that  the  patient  had  usually  been  discharged  in  a  few  days.  In 
those  cases  which  were  repeated  we  found  considerable  variation.  Some  gave  high 
figures,  some  low  normals,  while  others  were  at  the  same  subnormal  values  as  before. 

The  possibility  of  error  was  considered.  Obviously  all  the  conditions  of  the  fast 
must  have  been  observed,  otherwise  the  values  would  have  been  raised.  The  chance 
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that  the  specimen  was  diluted  on  the  ward  with  extra  calcium  oxylate  solution  was 
investigated.  As  N.P.N.  estimations  are  always  made  routinely  on  the  same  blood 
specimen  we  assumed  there  was  no  dilution  if  this  showed  above  25.  Since  none  of  our 
cases  gave  an  N.P.N.  reading  of  less  than  25  we  felt  the  chances  were  negligible  that 
this  error  had  occurred.  Finally,  the  technic  of  the  blood  sugar  estimation  was  evalu' 
ated  as  a  source  of  error.  Because  the  Folin^Wu  method  is  generally  held  by  laboratory 
workers  to  be  relatively  free  from  error  and  because  practically  all  the  tests  were 
made  by  the  same  chemist  we  have  ruled  out  any  error  in  the  estimation  greater  than 
±5%- 

There  was  no  disease  or  group  of  diseases  distinctively  associated  with  the  2371 
cases.  Instead  there  was  practically  every  common  condition  usually  found  in  a  gen^ 
eral  hospital.  We  found  19  ca^s,  however,  with  conditions  that  are  generally  thought 
to  produce  low  values  in  the  blood  sugar.  There  were  7  recorded  as  malnutrition 
with  fasting  blood  sugars  of  78,  75,  75,  74,  73,  70  and  60.  Epilepsy  was  noted  4 
times.  Twice  it  was  called  idiopathic  cerebral  epilepsy;  one  with  a  fasting  blood  sugar 
of  78  was  an  arteriosclerotic  with  neurologic  signs  and  the  other  with  a  value  of  68 
had  had  epilepsy  since  childhood  and  rheumatic  carditis  for  the  last  7  years.  The 
third  case  with  a  blood  sugar  of  68  was  a  man  of  22  who  had  had  grand  mal  since  he 
was  injured  in  the  head  at  13  years  of  age.  The  fourth  was  signed  out  as  simple 
epilepsy  and  had  a  fasting  blood  sugar  of  75.  Pituitary  obesity  occurred  twice  and 
each  case  was  complicated  with  diabetes  insipidus.  One,  a  female  of  32  years  with  a 
value  of  75  had  changes  in  the  sella  turcica  that  were  suggestive  of  pituitary  neoplasm 
and  the  other  a  woman  of  40  with  manic  depressive  insanity  who  had  a  blood  sugar 
of  75.  One  case  diagnosed  as  pituitary  disease  was  a  woman  42  years  old  who  had  the 
lowest  blood  sugar  of  the  series,  a  fasting  value  of  26.  Her  condition  had  begun  10 
years  previously  after  a  miscarriage  and  occurred  in  the  form  of  a  petit  mal.  Shortly 
before  entrance  the  attacks  became  increasingly  severe  and  frequent.  In  the  hospital 
it  was  found  that  the  attacks  were  convulsive  and  maniacal  in  type  but  responded 
to  the  administration  of  glucose.  An  exploratory  operation  was  made  but  no  relief 
followed.  The  final  diagnosis  of  endocrine  hypoglycemia  would  have  been  justifiable 
in  this  case.  Another  case  was  registered  as  paroxysmal  hysteria  with  a  fasting  value 
of  67.  The  history  was  suggestive  of  histero-epilepsy  or  possibly  idiopathic  epilepsy, 
in  a  woman,  of  5  years  duration.  One  case  described  as  endocrinopathic  convulsions 
showed  a  fasting  blood  sugar  value  of  53.  This  was  a  male,  1 3  years  old,  definitely  not 
hypopituitary  but  showing  frequent  grand  mal  attacks  over  a  period  of  5  years.  The 
history  was  strongly  suggestive  of  idiopathic  epilepsy  as  it  presented  two  other 
fasting  blood  sugars  registering  81  and  91.  One  case,  a  girl  of  6j^  years  who  had  been 
struck  by  an  auto,  showed  a  routine  fasting  blood  sugar  of  51.  An  exploratory  ab' 
dominal  operation  revealed  a  hemorrhagic  pancreas  with  necrosis.  A  drainage  proved 
satisfactory  and  the  injury  apparently  healed.  Blood  sugars  3  months  following  the 
operation  remained  very  low.  One  patient  was  diagnosed  as  hypoglycemic.  This  was 
a  young  adult  female  who  was  to  be  given  insulin  for  underweight.  Her  routine  fast' 
ing  blood  sugar  was  50.  She  had  no  attacks  but  further  blood  sugar  estimations  always 
gave  hypoglycemic  values.  The  last  case  was  one  of  Addison’s  disease  and  had  a 
fasting  value  of  74. 

Of  the  19  cases  in  the  series  7  had  histories  of  seizures.  There  was  only  one  of 
them,  however,  that  had  a  blood  sugar  estimation  during  an  attack.  This  was  a  case 
that  stayed  in  the  hospital  long  enough  for  a  good  study  and  though  reported  as  a 
pituitary  tumor  it  was  not  proven  as  such.  It  was  the  only  case  in  our  series  where  it 
was  found  that  the  ingestion  of  glucose  relieved  the  seizure.  From  our  present  knowl- 
edge  we  would  believe  this  to  be  a  case  of  spontaneous  hypoglycemia. 
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It  will  be  seen  then  that  only  one  of  the  2371  cases  was  in  an  attack  when  the 
blood  sugar  was  measured.  In  all  the  other  cases  the  patient  was  without  any  evidence 
of  hypoglycemic  shock. 


DISCUSSION 

We  have  considered  hypoglycemia  in  this  paper  to  begin  at  79  mg.  of  sugar  per 
100  cc.  of  blood.  We  have  found  that  in  the  routine  examination  of  the  fasting  blood 
of  21,000  patients  hospitalized  for  various  medical  and  surgical  conditions  2371  had 
a  blood  sugar  in  the  hypoglycemic  range.  Of  these  751,  or  close  to  were  below 
70  mg.  This  is  the  point  where  it  is  generally  accepted  that  shocks  begin.  However 
we  have  no  evidence  of  hypoglycemic  shocks  occurring  in  the  493  cases  that  gave 
values  between  60  and  69,  in  the  166  between  50  and  59,  in  the  74  who  were  between 
40  and  49  or  in  the  12  between  30  and  39.  There  was  only  i  of  6  that  registered  below 
30  that  was  known  to  be  in  shock. 

Having  eliminated  error  beyond  the  customary  ±5%  one  is  led  to  believe  that 
routine  fasting  blood  sugars  frequently  fall  below  80  mg.;  that  values  under  70  with' 
out  shock  symptoms  are  common;  and  that  there  may  be  times  when  the  blood  sugar 
reaches  a  low  of  28  without  a  reaction.  These  findings  are  in  common  with  the  reports 
of  a  number  of  observers.  Rector  and  Jennings  (i)  found  43  out  of  572  children  that 
had  routine  fasting  blood  sugars  of  50  to  69  and  gave  no  signs  of  hypoglycemic 
shocks.  Derrick  (2)  stated  that  on  5  different  occasions  his  patient  had  a  fasting  blood 
sugar  of  31  or  lower  without  attacks.  Price  and  Raper  (3)  had  a  case  where  the  blood 
sugar  value  was  16  and  the  patient  was  not  in  coma.  Then  Peters  and  Rabinowitz  (4) 
in  a  case  of  diabetes  mellitus  demonstrated  the  low  value  of  26  mg.  without  any  symp' 
toms.  They  held  that  this  point  could  be  called  aglycemic  and  a  reading  was  due  to  the 
reduction  of  the  solution  by  the  non-glucose  reducing  substances  of  the  blood. 

No  disease  or  type  of  disease  was  prominent.  Undemutrition,  which  was  thought 
at  first  might  influence  the  readings,  evidently  played  little  or  no  part  as  we  had  only 
7  cases  so  diagnosed.  Then  they  were  by  no  means  the  lowest  as  6  were  in  the  70  to 
79  group  and  only  one  went  as  low  as  60.  Harris  (5)  did  not  feel  that  starvation  low' 
ered  the  fasting  blood  sugar,  quoting  several  cases  of  gastric  malignancy  that  could 
not  eat  for  long  periods  yet  had  normal  fasting  values.  A  recent  case  of  anorexia 
nervosa  in  the  hospital  had  a  fasting  blood  sugar  of  91.  Then  again  two  cases  of 
obesity  with  low  values  gave  a  history  of  extreme  over  weight  and  excessive  food 
intake. 

The  frank  endocrine  diseases  were  present  in  a  lower  percentage  than  in  the 
hospital  population.  Three  cases  were  classified  as  pituitary  although  one  of  these 
gave  no  final  proof  of  pituitary  origin.  There  was  one  case  diagnosed  as  Addison’s 
disease  and  one  a  traumatic  injury  to  the  pancreas.  It  will  be  noted  that  no  thyroid 
dysfunction  or  Frdhlich’s  syndrome  is  in  the  list.  Only  one  gave  any  reference  to 
ovarian  irregularity,  a  menopause  at  36. 

In  the  epileptics  or  those  with  seizures  there  was  a  slightly  larger  number  than 
in  any  other  group.  The  total  was  so  small  however,  that  no  conclusion  could  be 
drawn.  Six  cases  could  be  very  well  established  as  epilepsy  and  one  was  quite  posi' 
tively  spontaneous  hypoglycemia.  This  agrees  with  the  work  of  Weeks  et  al.  (6) 
who  showed  that  the  fasting  blood  sugars  of  49  severe  epileptics  ranged  from  46  to 
125  mg. 

It  must  be  emphasized  that  all  the  blood  sugars  considered  in  this  paper  are  the 
routine  fasting  examinations  taken  within  a  few  days  after  the  patients  arrival.  All 
known  diabetics  as  well  as  nondiabetics  taking  insulin  or  protamine  were  eliminated. 
We  have,  however,  blood  sugar  values  that  have  fallen  below  80  mg.  that  were  ob' 
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tained  through  sugar  tolerance  tests  and  other  means.  These  will  be  considered  in 
another  paper. 

SUMMARY 

Routine  fasting  blood  sugar  values  below  80  mg.  are  a  common  hnding.  A  sub' 
stantial  number  fall  below  70.  Blood  sugar  values  may  go  as  low  as  28  mg.  without 
shocks.  Low  blood  sugar  readings  are  apparently  not  associated  with  any  disease  or 
group  of  diseases.  It  is  possible  that  normal  individuals  may  have  occasional  low  blood 
sugar  values  with  an  otherwise  normal  blood  sugar.  Either  spontaneous  hypoglycemia 
is  not  a  common  condition  or  routine  fasting  blood  sugars  are  not  reliable  guides  to 
its  occurrence. 
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UTERINE  CONTRACTILITY  IN  FUNCTIONAL 
DYSMENORRHEA' 

LEO  WILSON  AND  RAPHAEL  KURZROK 
From  the  Department  of  Obstetrics  and  Gynecology,  the  College  of  Physicians 
and  Surgeons,  Columbia  University,  and  the  Sloane  Hospital 
for  Women  and  the  Vanderbilt  Clinic 

NEW  YORK  CITY 

Functional  dysmenorrhea  is  not  a  serious  disorder  in  the  sense  that  cancer, 
pneumonia  or  diabetes  is.  But  it  is  so  common  and  causes  so  much  suffering 
and  invalidism  that  it  merits  more  scientific  consideration  than  it  has  received 
in  the  past.  What  is  the  nature  of  this  strange  malady  that  incapacitates  so  many 
young  women  each  month  for  several  hours  or  days  and  then  leaves  most  of  them 
little  the  worse  for  all  their  suffering?  Many  theories  have  been  proposed  but  com- 
paratively  little  is  known. 

Significance  of  uterine  contractility.  Whatever  the  ultimate  etiology  may  prove  to 
be,  it  is  now  generally  agreed  that  the  pain  of  functional  dysmenorrhea  results  from 
contractions  of  the  uterus  (i-6).  The  similarity  of  the  pain  to  abortion  and  labor  pain 
suggests  a  common  origin.  The  introduction  of  a  sound  into  the  uterus  at  any  time 
during  the  menstrual  cycle  frequently  produces  the  characteristic  pain  and  attendant 
symptoms.  The  nature  of  the  human  myometrial  cycle  with  contractions  of  maximum 
amplitude  appearing  precisely  when  dysmenorrhea  occurs  adds  considerable  support 
to  this  concept. 

It  has  been  assumed  by  many  authors,  with  little  if  any  factual  basis,  that  the 
uterine  contractions  are  painful  because  they  are  abnormal  in  some  respect.  This 
investigation  was  undertaken  to  obtain  exact  information  regarding  uterine  motiUty 
in  functional  dysmenorrhea.  Thus  far  29  cases  have  been  studied  by  the  intra^uterine 
balloon  method  (table  i).  The  technic^  was  described  in  an  earlier  paper  (7). 

The  average  age  of  our  patients  was  28.1  years.  Only  4  (13%)  were  unmarried. 
Eleven  patients  had  a  total  of  24  pregnancies.  In  these  instances  pregnancy  did  not 
relieve  the  dysmenorrhea  and  in  2  cases  pregnancy  preceded  the  onset  of  dysmenor- 
rhea.  Sixteen  patients  (56%)  were  white;  the  remainder  were  Negroes.  The  average 
patient  began  to  menstruate  at  13.2  years,  flowing  4.6  days,  menstruated  every  27.9 
days, had  dysmenorrhea  12.5  years  and  was  incapacitated  3  days  each  month.  Twenty- 
eight  cases  were  graded  as  severe,  one  moderate,  none  mild.  Kymograph  records  were 
made  239  times  in  98  menstrual  cycles.  The  control  series  also  consisted  of  29  patients 
with  normal  menses  or  functional  menstrual  disturbances  other  than  dysmenorrhea 

*  Aided  by  a  Grant  from  the  Ciba  Pharmaceutical  Products,  Inc. 

•  Reynolds  (8)  has  objected  to  this  technic  on  the  ground  that  the  pressure  used  to  distend  the  bal¬ 
loon  (40-80  mm.  of  mercury)  is  too  great.  We  have  found  that  no  contractions  will  be  recorded  if  the 
initial  pressure  is  below  jo  mm.  and  that  increasing  the  pressure  immediately  brings  out  the  contractions 
characteristic  of  that  particular  phase  of  the  cycle.  Further  increase  in  pressure  does  not  increase  the 
amplitude  of  the  contractions.  When  the  same  balloon  with  an  identical  volume  of  air  in  the  conducting 
system  is  used  in  the  same  patient  during  different  phases  of  the  menstrual  cycle,  there  is  not  only  a  diP 
ference  in  amplitude  (which  Reynolds  attributes  entirely  to  tonus  changes  dependent  upon  hormonal 
action)  but  there  is  also  a  difference  in  the  duration  and  frequency  of  contraction. 
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Table  1.  Dysmenorrhea  series 


Case 

No. 


12 

13 

14 
ly 

16 

17 
j8 

19 

20 

21 

22 

33 

24 

25 

26 

27 

28 

29 


Married 

or 

single 

Preg' 

nancies 

Menses 

Dysmenorrhea  1 

Kymograph  studies 

On¬ 

set 

Days 

duration 

Days  of 
pain 

No. 

cycles 

No. 

tracings 

22 

w 

M 

0 

14 

4 

a8 

8 

Severe 

I 

3 

u 

B 

S 

0 

ij 

5 

a8 

xo 

Severe 

3 

37 

W 

M 

0 

14 

3 

31 

»3 

Severe 

3 

i 

30 

B 

s 

0 

•3 

7 

28 

Severe 

1 

xo 

39 

W 

M 

0 

14 

5 

18 

Severe 

3 

3 

24 

W 

M 

0 

13 

8 

25 

Severe 

3 

I 

1 

36 

B 

M 

0 

13 

5 

»4 

Severe 

3 

9 

28 

36 

W 

M 

0 

XI 

4 

35 

Severe 

3 

3 

36 

W 

M 

3 

16 

4 

28 

30 

Severe 

3 

9 

33 

34 

W 

M 

4 

14 

5 

28 

30 

Moderate 

3 

8 

33 

B 

s 

0 

«3 

I 

28 

30 

Severe 

3 

3 

8 

3» 

B 

M 

X 

13 

3 

28 

19 

Severe 

3 

3 

10 

33 

W 

M 

X 

17 

6 

18 

Severe 

3 

I 

I 

37 

B 

M 

0 

XX 

3 

18 

Severe 

4 

5 

13 

36 

W 

M 

4 

15 

4 

36 

Severe 

3 

33 

B 

M 

0 

13 

4 

28 

Severe 

3 

31 

31 

W 

M 

0 

13 

36 

8 

Severe 

3 

1 

3 

25 

B 

M 

0 

13 

3 

18 

13 

Severe 

3 

j 

1 

a6 

B 

M 

I 

13 

5 

18 

9 

Severe 

3 

5 

II 

33 

B 

M 

0 

16 

7 

28 

6 

Severe 

9 

x 

I 

18 

W 

M 

0 

15 

9 

30 

>3 

Severe 

3 

5 

13 

25 

W 

M 

I 

XX 

7 

28 

14 

Severe 

3 

I 

3 

36 

W 

M 

I 

13 

7 

28 

»3 

Severe 

7 

I 

i 

24 

B 

M 

0 

13 

5 

28 

Severe 

7 

I 

1 

a8 

W 

M 

i 

IX 

4 

28 

Severe 

3 

3 

8 

32 
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M 

0 

13 

3 

3» 

Severe 

3 

3 

7 

3X 

W 

M 

1 

14 

3 

28 

&verc 

4 

3 

6 

31 

B 

S 

0 

X3 

I 

30 

Severe 

3 

5 

19 

it 

B 

M 

i 

13 

3 

28 

Severe 

3 

I 

3 

(table  2).  A  total  of  351  tracings  were  made  in  the  control  group.  All  of  the  patients 
were  carefully  examined  to  exclude  organic  pelvic  disease.  Endometrial  biopsies  were 
obtained  at  frequent  intervals  for  information  regarding  ovarian  function 


Table 

1.  Control  series 

No.  cases 

No.  tracings 

Normal  menses 

5 

11 

Amenorrhea 

6 

175 

Oligomenorrhea 

6 

40 

Anovulatory  bleeding 

1 

57 

Ovulatory  bleeding 

9 

54 

Menopause 

I 

15 

Total 

19 

351 

The  normal  myometrial  cycle.  During  the  middle  2  weeks  of  the  normal  28'day 
cycle  the  uterine  contractions  are  characterized  by  small  amplitude,  short  duration, 
short  interval  between  contractions  and  high  tonus  (fig.  1).  In  the  week  preceding 
menstruation,  the  contractions  gradually  increase  in  amplitude  and  duration,  and 
decrease  in  frequency  and  tonus.  The  maximum  amplitude  is  usually  reached  at  the 
onset  of  menstruation.  During  the  ensuing  week  there  is  a  gradual  return  to  the  small 
type  of  contraction.  The  latter,  as  we  have  shown,  is  an  estrogen  effect  while  the 
large  contractions  are  produced  by  the  corpus  luteum  hormone  acting  in  conjunction 
with  the  estrogenic  hormone  (7).  It  is  evident  then  that  the  occurrence  of  dysmenor¬ 
rhea  coincides  with  the  phase  of  maximum  uterine  motility. 

That  the  menstrual  flow  itself  bears  no  etiologic  relation  to  the  pain  is  indicated 
by  the  absence  of  dysmenorrhea  in  anovulatory  bleeding.  In  these  cases  the  flow 
usually  is  profuse,  prolonged  and  accompanied  by  the  passage  of  clots.  The  failure 
of  ovulation  prevents  the  formation  of  a  corpus  luteum.  Consequently  the  large 
luteal'phase  contractions  do  not  appear  and  there  is  no  pain.  Thus  only  women  who 
have  a  corpus  luteum  can  have  functional  dysmenorrhea. 

The  above  description  of  the  normal  myometrial  cycle  agrees  in  all  essential  details 
with  the  pubhshed  reports  of  other  authors  who  have  used  the  same  technic;  that 
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is  an  inflated  balloon  in  the  intact  human  uterus,  although  it  must  be  admitted  that 
there  are  some  differences  in  the  interpretation  of  these  findings  (2,  6,  13).  However 
the  results  of  animal  experiments,  particularly  in  the  rabbit,  differ  very  considerably 
from  those  obtained  in  the  human  being  (4,  8).  Since  the  lower  animals  do  not  men- 
struate  and  the  apes  do  not  suffer  with  dysmenorrhea,  it  seems  advisable  to  limit  this 
discussion  to  facts  derived  solely  from  human  sources,  particularly  when  a  satisfactory 
method  of  investigation  is  available. 

Uterine  contractility  in  functional  dysmerwrrhea.  Kymographic  studies  were  per' 
formed  during  all  phases  of  the  menstrual  cycle.  In  each  of  the  29  cases  no  apparent 
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Fig.  I.  The  myometrial  cycle  together  with  pituitary,  ovarian  and  endometrial 

RELATIONSHIPS  DURING  THE  NORMAL  MENSTRUAL  CYCLE. 


alteration  from  the  normal  myometrial  cycle  was  observed.  Fortunately  we  had  the 
opportunity  of  recording  contractions  during  several  actual  attacks  of  dysmenorrhea. 
Usually  the  patients  were  too  ill  to  come  to  the  clinic  at  this  time.  In  some  cases, 
however,  the  pain  suddenly  disappeared  on  arrival  at  the  clinic.  This  is  probably  a 
psychic  effect  similar  to  relief  of  toothache  on  entering  the  dentist’s  office.  Figure  2 
is  from  a  kymographic  record  on  the  second  day  of  the  period.  Severe  lower  abdominal 
pain  and  nausea  of  the  characteristic  type  had  begun  several  hours  before.  A  small 
sterile  balloon  was  introduced  into  the  uterine  cavity  without  difficulty.  The  tracing 
revealed  large  contractions  typical  of  this  phase  in  the  normal  cycle  together  with  a 
series  of  vertical  lines  representing  abdominal  wall  movements  incident  to  vomiting 
and  retching.  In  order  to  gain  her  cooperation  for  the  recording,  the  patient  was  told 
that  the  attack  would  soon  stop.  Thirteen  minutes  after  its  introduction  the  balloon 
was  suddenly  expelled  into  the  vagina.  The  pain  and  vomiting  ceased  abruptly.  The 
balloon  was  redntroduced  quickly  and  the  contractions  again  recorded,  this  time  in 
the  absence  of  pain.  Except  for  a  slight  reduction  in  tonus,  there  was  no  significant 
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alteration  in  the  character  of  the  contractions  (fig.  3).  As  a  rule  a  fall  in  tonus  immedi' 
ately  follows  inflation  of  the  balloon  and  therefore  may  have  had  no  relation  to  the 
relief  of  pain  in  this  instance. 

Figure  4  is  a  tracing  obtained  on  the  first  day  of  the  period  from  a  patient  who 
menstruated  once  in  two  months  but  never  had  dysmenorrhea.  The  contractions  are 
characteristic  for  this  phase  of  the  cycle  but  of  unusually  large  amplitude.  An  intra- 
muscular  injection  of  10  u  of  pituitrin  promptly  increased  the  tonus,  amplitude  and 
frequency  of  contraction  (fig.  5).  During  some  contractions,  the  pressure  within  the 
balloon  exceeded  the  systolic  blood  pressure  (120  mm.)  but  there  was  no  pain.  Yet 
in  each  instance  that  we  recorded  contractions  during  attacks  of  dysmenorrhea,  the 
amplitudes  were  well  below  the  systolic  blood  pressure.  These  findings  cast  consid' 


Fig.  2.  Kvmographic  record  during  a  spontaneous  attack  of  dysmenorrhea.  Vertical  lines 
caused  by  vomiting  and  retching.  The  pressure  within  the  balloon  is  indicated  in  mm.  of  mercury  on 
the  left;  the  time  in  minutes  is  denoted  below.  Fig.  j.  Contractions  shortly  after  dysmenorrhea 
SYMPTOMS  CEASED.  Little  change  to  account  for  relief  of  symptoms.  Fig.  4.  Unusually  large  but  painless 
CONTRACTIONS  ON  FIRST  DAY  OF  PERIOD.  Patient  menstruated  once  in  two  months.  Fig.  y.  Increased 
TONUS,  AMPLITUDE  AND  FREQUENCY  OF  CONTRACTION  FOLLOWING  PITUITRIN.  Note  that  the  pressure  in  the 

balloon  during  some  contractions  exceeded  the  systolic  blood  pressure  (120  mm.)  and  yet  there  was  no 
pain.  Fig.  6.  Reduced  contractility  on  first  day  of  painless  period.  Period  one  week  early  following 
estrogen  therapy.  Fig.  7.  Contractions  during  second  day  of  same  period.  Fig.  8.  Contractions 

DURING  FOURTH  DAY  OF  SAME  PERIOD. 

erable  doubt  on  the  correctness  of  Moir’s  “speculation”  that  dysmenorrhea  results 
from  uterine  ischemia  due  to  hypercontractility  (2). 

Uterine  contractility  following  antidysmenorrheic  therapy.  After  determining  that 
uterine  motility  was  identical  in  dysmenorrheic  and  normal  painless  cycles,  we  turned 
to  a  study  of  the  contractions  following  various  types  of  antidysmenorrheic  therapy. 
Cervical  dilatation  of  course  was  unavoidable  during  the  introduction  of  the  balloon 
and  in  the  performance  of  endometrial  biopsies  but  few  cases  were  relieved  by  this 
procedure  alone.  Antispasmodics  as  adrenalin,  papaverine  and  diphenylacetyldi' 
ethylaminoethanol  hydrochloride’  produced  no  alteration  in  uterine  motility.  Pitui' 
trin,  on  the  other  hand  uniformly  caused  a  rise  in  tonus  and  an  increase  in  the  ampli- 
tude  and  frequency  of  contraction.  In  many  cases  the  administration  of  pituitrin 
during  the  intermenstrual  phase  resulted  in  dysmenorrhea-like  symptoms.  When 
given  during  actual  attacks,  the  symptoms  were  aggravated. 

We  were  particularly  interested  in  the  effect  of  gonadal  hormones  on  uterine  con- 

*  This  substance  commercially  known  as  trasentin  was  generously  supplied  to  us  by  the  Ciba 
Pharmaceutical  Products,  Inc.  A  report  on  its  use  in  gynecological  disorders  is  in  preparation.  This  will 
determine  its  effects  in  some  cases  of  dysmenorrhea  and  its  relaxing  effect  on  spastic  Fallopian  tubes. 


July,  1940 


DYSMENORRHEA 


17 


tractility  because  of  the  comparatively  good  results  that  follow  their  administration. 
Since  1934  we  have  treated  over  100  cases  of  dysmenorrhea  with  large  doses  of  estro' 
gens  and,  more  recently,  with  progesterone,  testosterone  and  stilbestrol.  Usually 
two  injections  were  given  a  week  apart  during  the  first  half  of  the  cycle.  The  average 
dose  per  injection  was  the  following:  estradiol  monobenzoate,^  1.66  mg.;  estradiol 
dipropionate,®  2.5  mg.;  progesterone,®  15  mg.;  stilbestrol,^  2.5  mg.;  testosterone  pro- 
pionate,®  25  mg.;  desoxycorticosterone  acetate,  10  mg.® 

A  detailed  report  of  the  results  of  this  therapy  is  now  in  preparation  and  will 
be  published  in  a  separate  communication.  Briefly,  however,  it  was  found  that  when 
administered  in  the  manner  described  there  were  three  types  of  reaction:  (a),  men' 
struation  occurred  several  days  prematurely,  (b),  menstruation  came  at  the  usual 
time,  (c),  menstruation  was  delayed  several  days  or  weeks.  The  type  of  reaction  was 
not  predictable  for  all  3  occurred  in  the  same  patient  in  different  cycles  even  though 
the  dosage  and  time  of  administration  were  identical.  The  first  type  is  illustrated  by 
the  case  of  D.  G.,  a  negress,  21  years  of  age,  who  had  a  regular  28'day  cycle  with 
dysmenorrhea  since  her  first  menstruation.  She  was  given  mg.  of  estradiol  ben¬ 
zoate  on  the  8th  and  15th  days  of  the  cycle.  The  next  period  occurred  after  an  interval 
of  only  21  days  and  was  completely  painless.  The  flow  was  somewhat  reduced  in 
quantity  but  of  the  usual  duration.  The  contractions  recorded  on  the  first,  second  and 
fourth  days  of  the  period  (fig.  6,  7,  8  respectively)  showed  marked  reduction  in  ampli¬ 
tude.  Biopsy  on  the  first  day  of  the  period  revealed  a  secretory  endometrium  indicat¬ 
ing  that  the  patient  had  ovulated.  Most  of  the  glands  were  actively  secreting  and  of 
normal  appearance.  A  few  glands,  however,  were  somewhat  cystic,  probably  because 
of  the  injected  estrogen.  In  this  instance  then  the  relief  of  dysmenorrhea  may  be 
attributed  to  inhibition  of  uterine  motility.  However,  when  menstruation  occurs  at 
the  usual  time  (type  2)  or  is  delayed  (type  3)  we  found  no  alteration  of  uterine  con¬ 
tractility  during  the  period  although  in  many  cases  the  dysmenorrhea  was  completely 
or  partially  relieved.  The  myometrial  cycle  is  wholly  unaffected  in  the  type  2  cases. 
In  the  type  3  reaction,  the  appearance  of  the  large  contractions  was  delayed  for  a 
length  of  time  corresponding  to  the  postponement  of  ovulation.  Eventually  the  con¬ 
tractions  reach  the  usual  amplitude. 

Both  type  i  and  type  3  reactions  are  explained  on  the  same  basis,  depression  of 
anterior  pituitary  gonadotropic  function  (fig.  i).  In  the  former  case,  ovulation  occurs 
at  the  regular  time  but  the  luteinizing  activity  of  the  anterior  pituitary  is  diminished. 
This  leads  to  reduced  corpus  luteum  function  which  accounts  for  the  shortening  of 
the  cycle  and  the  diminished  uterine  motility.  In  the  type  3  reaction,  the  follicular 
phase  is  prolonged  as  a  result  of  delayed  ovulation.  The  luteal  phase  of  the  cycle  is 
held  up.  But  the  suppression  of  ovulation  is  only  temporary  because  the  hormone 
treatment  is  not  continued.  When  ovulation  eventually  does  take  place,  the  luteal 
phase  is  of  the  usual  intensity  and  duration  (9). 

DISCUSSION 

Functional  dysmenorrhea  may  be  regarded,  then,  as  a  disorder  in  which  normal 
uterine  contractions  during  the  phase  of  maximum  amplitude  reach  consciousness. 
The  exact  explanation  for  the  reduction  of  the  pain  threshold  is  as  yet  unknown.  The 

•  Progynon-B  (Schering). 

®  Di-ovocylin  (Ciba). 

•  Proluton  (Schering)  and  progestin  (Roche-Organon). 

’  Squibb  and  Winthrop. 

•  Perandren  (Ciba). 

•  Cortate  (Schering),  doca  (Roche-Organon)  and  percorten  (Ciba). 
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existence  of  a  psychic  factor  in  dysmenorrhea  has  been  recognized  for  some  time  but 
is  regarded  by  most  authors  to  result  from  the  prolonged  suffering  (2,  3).  Novak  and 
Harnik,  however,  believe  that  psychic  trauma  associated  with  menstruation  is  re^ 
sponsible  for  the  initial  attack  of  dysmenorrhea  and  that  the  fear  of  repeated  attacks 
in  subsequent  periods  perpetuates  the  condition  (10).  The  rarity  of  functional  dys' 
menorrhea  in  primitive  peoples  (ii,  12)  and  the  relief  of  dysmenorrhea  by  a  wide 
variety  of  therapeutic  measures,  some  rational  and  others  purely  suggestive,  add 
support  to  the  psychogenic  concept.  However  the  evidence  at  present  is  mainly  of 
a  negative  kind.  Further  investigation  is  necessary  to  demonstrate  the  presence  of 
psychogenic  factors  and  the  existence  of  differences  in  threshold  at  which  uterine 
contractions  reach  consciousness.*® 

Because  of  the  good  results  reported  to  follow  pre-sacral  sympathectomy,  the 
role  of  the  pelvic  autonomic  nervous  system  in  functional  dysmenorrhea  warrants 
serious  consideration.  It  is  conceivable,  as  Davis  (5)  has  suggested,  that  under  certain 
conditions  this  pathway  might  permit  nervous  impulses  arising  from  the  myometrium 
to  reach  the  sensorium. 

CONCLUSIONS 

Functional  dysmenorrhea  appears  to  be  a  psychogenic  disorder  in  which  a  reduced 
pain  threshold  or  a  disturbed  pelvic  autonomic  nervous  system  permits  normal  uterine 
contractions  during  the  phase  of  maximum  amplitude  to  reach  consciousness.  Dys¬ 
menorrhea  occurs  only  in  the  presence  of  a  functional  corpus  luteum  and  the  normal 
myometrial  cycle.  The  absence  of  dysmenorrhea  in  anovulatory  cycles  is  attributed 
to  the  absence  of  the  large  luteal-phase  contractions. 

The  administration  of  estrogens  and  other  gonadal  hormones  in  large  doses  early 
in  the  menstrual  cycle  frequently  abolishes  or  diminishes  the  pain  of  the  subsequent 
period.  This  effect  can  be  attributed  to  reduction  of  uterine  motility  (via  the  hypoph¬ 
ysis  and  ovary)  only  when  the  ensuing  period  occurs  prematurely.  If  the  cycle  is  of 
normal  duration  or  is  prolonged,  the  contractions  at  the  time  of  the  flow  are  of  the 
usual  large  amplitude.  Yet  in  these  cases  too  the  pain  is  frequently  absent. 

We  arc  indebted  to  Professor  Benjamin  P.  Watson  for  his  constant  encouragement  and  for  placing 
the  large  material  of  the  Sloanc  Hospital  for  Women  and  the  Vanderbilt  Clinic  at  our  disposal.  We  are 
very  grateful  to  Professors  Charles  C.  Lieb  and  Michael  MuUnos  who  have  given  us  invaluable  aid  in 
the  form  of  advice  and  laboratory  equipment. 
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The  possibility  that  hypoglycemia  might  be  the  basis  for  the  reduced  pain  threshold  was  called 
to  our  attention  some  time  ago  by  Dr.  Benjamin  Sandler  (personal  communication).  Since  then  we  have 
routinely  p^ormed  glucose  tolerance  tests  on  our  cases  and  have  confirmed  the  observations  of  Tedstrom 
and  Wilson  (Calif.  &  West.  Med.  May  1936,  44:  i)  that  the  fasting  blood  sugar  is  reduced  and  the 
glucose  tolerance  increased  in  cases  of  functional  dysmenorrhea.  It  is  difficult,  however,  to  evaluate  the 
significance  of  this  factor  because  hypoglycemia  is  frequently  found  in  women  who  have  never  had 
dysmenorrhea.  In  addition  some  of  our  patients,  after  having  been  completely  cured  of  their  menstrual 
pain  by  bnrmnnal  or  psychotherapy,  continue  to  have  increased  glucose  tolerance. 


ACTION  OF  TESTOSTERONE  PROPIONATE 
IN  A  CASE  OF  ENDOMETRIOSIS' 

LEO  WILSON 

From  the  Gynecobgical  Endocrine  Clinic,  Morrisania  City  Hosf)ital 

NEW  YORK  CITY 

Endometrial  tissue,  whether  normally  or  abnormally  situated,  is  dependent 
for  its  growth  on  the  stimulus  supplied  by  the  ovarian  hormones.  The  suc' 
cessful  cure  of  endometriosis,  if  local  removal  is  not  possible,  consequently 
demands  the  suppression  of  ovarian  function.  Castration  is  readily  accomplished  by 
surgery  or  radiation  therapy. 

This  report  is  concerned  with  a  case  of  endometriosis  of  the  rectovaginal  septum 
in  which  the  patient  refused  X'ray  or  any  other  kind  of  treatment  that  might  result 
in  permanent  sterility.  Permission  for  a  trial  of  hormonal  sterilization  was  given,  how¬ 
ever,  when  it  was  explained  that  the  effects  would  probably  be  temporary.  The 
male  sex  hormone  was  selected  for  this  purpose  on  the  basis  of  Hartman’s  and  Zuck- 
erman’s  experiments  which  indicated  that  the  ovarian  cycle  in  monkeys  could  be  sup¬ 
pressed  for  the  duration  of  the  treatment  (i).  Since  then  several  workers  have  reported 
similar  results  in  women  (2).  Estrogens  also  depress  the  function  of  the  ovaries  but  it 
was  feared  that  the  injected  hormone  in  addition  might  stimulate  the  growth  of  the 
tumor.  Progesterone  might  have  been  tried  but  an  adequate  supply  of  it  was  not 
available  to  us  at  the  time. 

CASE  REPORT 

L.deM.,  an  Italian  housewife,  aged  28  years,  was  admitted  to  the  Tumor  Clinic  of  the 
Morrisania  City  Hospital  on  June  7,  ^938,  complaining  of  pain  in  the  rectum  and  right 
thigh,  limited  to  the  time  of  the  menstrual  flow.  The  pain,  which  flrst  appeared  8  months 
before  admission,  was  described  as  a  sensation  of  weight  and  tenseness.  It  began  with  the 
onset  of  the  flow,  was  mild  the  first  day  but  became'so  severe  the  next  day  that  the  patient 
had  to  remain  in  bed.  The  pain  then  gradualll^  subsided  and  was  completely  gone  by  the  end 
of  the  period.  Three  months  after  the  on^t  of  this  symptom,  the  patient  consulted  a  surgeon 
who  performed  a  laparotomy.  He  found  no  intra-abdominal  pathology.  The  appendix  was 
removed. 

Menstruation  had  occurred  regularly  at4'week  intervals  since  the  age  of  12  years.  The  flow 
was  moderate  for  6  days  and  unaccompanied  by  pain  until  the  onset  of  the  present  illness. 
The  patient  had  a  normal  pregnancy  in  1932;  a  living  child  was  delivered  by  forceps. 

Except  for  the  local  condition  the  physical  examination  revealed  little  of  significance. 
The  patient  was  slightly  obese  and  there  was  a  tendency  towards  increased  hair  growth, 
particularly  of  the  face  and  extremities.  The  hair  on  the  abdomen  conformed  to  the  male 
distribution.  The  external  genitalia  were  normal.  In  the  posterior  fornix  of  the  vagina  was  a 
firm  irregularly-shaped  mass  which  extended  from  the  midline  almost  to  the  right  lateral 
pelvic  wall.  On  recto-vaginal  examination  it  was  determined  that  the  mass  was  situated 
within  the  recto-vaginal  septum  and  was  connected  with  both  the  vaginal  and  rectal  walls. 
The  overlying  vaginal  mucosa  was  bluish.  The  mass  was  not  tender.  A  biopsy  of  the  mass 
was  taken  and  reported  by  the  pathologist.  Dr.  William  Aronson,  to  contain  an  endometrial 
cyst  (fig.  2).  The  cervix  and  body  of  the  uterus  were  normal.  The  adnexae  were  not  palpable. 

‘  Read  at  a  meeting  of  the  New  York  Academy  of  Medicine,  Section  of  Obstetrics  and  Gynecology, 
February  27,  1940. 
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During  the  10  weeks  of  observation  before  treatment,  the  mass  appeared  to  be  growing 
rapidly.  Treatment  was  begun  on  August  27,  1938.  Intramuscular  injections  of  testosterone 
propionate*  (50  mg.  each)  were  given  every  second  or  third  day  for  the  first  3  months, 
thereafter  every  third  or  fourth  day.  The  total  quantity  administered  each  month  is  shown 
in  figure  i,  which  also  indicates  the  occurrence  of  the  menses,  the  degree  of  pain,  results  of 
the  endometrial  biopsies  and  other  data. 

The  first  period  under  treatment  occurred  at  the  expected  time  but  the  quantity 
of  flow  and  the  severity  of  the  pain  were  considerably  diminished  although  there 
was  no  appreciable  reduction  in  the  si2e  of  the  mass  at  this  time.  Except  for  5  episodes 
of  staining  of  i  to  4  days’  duration,  menstruation  was  completely  suppressed  during 
the  ensuing  year  of  treatment.  The  mucosa  of  the  uterus  remained  atrophic  through- 
out  this  period,  indicating  profound  depression  of  ovarian  function.  The  mass  in  the 
rectovaginal  septum  weis  noticeably  smaller  after  the  second  month  of  treatment. 
It  gradually  diminished  so  that  at  the  end  of  the  experiment  it  was  one-fourth  its 
original  size.  The  patient  remained  free  of  all  pain  for  the  duration  of  the  treatment. 


Fig.  I.  Suppression  of  menses  following  administration  of  testosterone  propionate.  The 
monthly  dosage  is  noted  above.  The  results  of  the  endometrial  biopsies  (  j,  )  are  indicated  as  follows: 
P  (proliferative),  A  (atrophic),  E  S  (early  secretory)  and  L  S  (late  secretory).  The  appearance  of  voice 
changes,  hirsutism  and  enlargement  of  the  clitoris  arc  also  noted  (  f  ).  The  severity  of  the  menstrual 
pain  is  noted  as  varying  from  4  plus  (very  severe)  to  minus  (absent). 

In  addition  to  these  good  effects,  certain  undesirable  features  appeared.  The  exact 
onset  of  the  change  in  voice  was  difl&cult  to  determine.  Following  an  upper  respiratory 
infection  during  the  third  week  of  treatment  the  voice  became  rather  husky.  About 
a  month  later  it  was  felt  that  the  persistent  hoarseness  was  probably  the  result  of  the 
hormone  therapy.  Examination  of  the  larynx  at  this  time  disclosed  ‘singers  nodes’  on 
the  true  vocal  cords.  These  were  attributed  to  the  fact  that  the  patient  sang  a  great 
deal.  Repeated  examinations  did  not  reveal  any  gross  laryngeal  abnormalities  (Dr. 
G.  B.  Gilmore).  The  voice  was  never  actually  masculine,  i.e.  low-pitched,  but  it  had 
a  rough  quality.  This  symptom  persisted  for  the  duration  of  the  treatment  but  did 
not  progress  after  the  fourth  month. 

The  onset  of  hirsutism  was  also  insidious,  particularly  since  there  was  a  tendency 
in  this  direction  even  before  treatment  was  undertaken.  By  the  third  month,  however, 
it  was  evident  that  the  rate  of  hair  growth  all  over  the  body  was  accelerated.  Dark 
hairs  continued  to  appear  for  the  duration  of  the  treatment,  taxing  the  resourcefulness 
of  the  patient,  who  was  trying  to  keep  herself  presentable  (fig.  3). 

•  Perandren  (Ciba)  and  oreton  (Schcring). 
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The  clitoris  began  to  enlarge  appreciably  during  the  third  month  of  treatment 
and  continued  to  increase  in  size  until  the  end  of  the  experiment  (fig.  4).  The  size  of 
the  breasts  and  uterus  remained  unchanged.  The  skin  was  unaffected  except  on  the 
face  where  a  mild  folliculitis  followed  the  removal  of  some  hairs.  This  responded 
rapidly  to  local  therapy.  Despite  the  atrophic  condition  of  the  endometrium,  the 
cervical  glands  continued  to  secrete  a  clear,  glary  mucus.  A  single  determination  of 
the  vaginal  pn  in  the  eleventh  month  of  treatment  revealed  a  normal  value  of  4.0. 
The  vaginal  smear  also  showed  normal  cornified  squamous  cells.  There  was  no  loss 
of  libido. 

The  progressive  hirsutism  and  the  persistent  hoarseness  finally  led  to  the  abandon- 
ment  of  the  experiment.  Five  weeks  after  the  last  injection,  the  uterine  mucosa  was 
in  an  early  secretory  phase.  A  week  later  menstruation  occurred  and  an  endometrial 
biopsy  on  the  first  day  of  the  flow  revealed  a  normal  late  secretory  phase.  Since  this 
time  (6  months)  the  menses  have  appeared  regularly  at  4'week  intervals.  The  pain 
in  the  rectum  and  right  thigh  has  gradually  increased  so  that  at  present  it  is  as  severe 
as  it  was  before  treatment.  The  recto-vaginal  mass  has  also  grown  rapidly  and  is  close 
to  its  original  size.  It  seems  to  be  encroaching  on  the  lumen  of  the  rectum. 

In  regard  to  the  masculinizing  symptoms,  the  voice  has  lost  all  but  a  trace  of  its 
harshness,  the  clitoris  is  now  about  one-third  its  former  size  but  it  is  still  slightly  en¬ 
larged,  and  the  hirsutism  has  regressed  considerably  although  not  completely.  X-ray 
therapy  has  again  been  recommended  but  until  a  few  weeks  ago  the  patient  was  still 
unwilling  to  accept  it.  The  increasing  pain,  which  now  occurs  during  the  latter  part 
of  the  period,  and  the  difficulty  in  defecation  have  finally  persuaded  her  to  consent 
to  this  procedure. 

SUMMARY  AND  CONCLUSIONS 

A  total  of  4800  mg.  of  testosterone  propionate  was  administered  over  a  period  of 
13  months  to  a  woman  with  endometriosis  of  the  recto-vaginal  septum  with  the  fol¬ 
lowing  results;  (a)  suppression  of  menstruation  for  one  year,  (b)  marked  but  incom¬ 
plete  reduction  of  the  size  of  the  tumor  with  complete  freedom  from  pelvic  pain, 
(c)  atrophy  of  the  uterine  mucosa,  (d)  persistent  hoarseness,  (e)  progressive  hirsutism, 
(/)  enlargement  of  the  clitoris. 

When  the  treatment  was  discontinued  (because  of  the  alarming  masculinizing 
effects),  ovarian  function  was  promptly  and  fully  restored  with  subsequent  revival 
of  the  growth  of  the  tumor  and  return  of  the  pelvic  pain.  The  masculinizing  effects 
slowly  regressed  so  that  6  months  after  discontinuation  of  the  treatment  the  voice 
was  practically  normal,  the  clitoris  was  only  slightly  enlarged  and  the  hirsutism  was 
of  minor  degree. 

This  case  should  be  regarded  as  a  successful  clinical  experiment  rather  than  a 
therapeutic  failure.  It  demonstrates  that  hormonal  sterilization  (by  means  of  testo¬ 
sterone  propionate)  affects  the  growth  of  ectopic  endometrium  similarly  to  surgical 
and  radiation  sterilization.  It  differs  however  in  two  important  respects:  (a)  The 
effects  are  temporary  and  persist  only  for  the  duration  of  the  therapy,  (b)  masculiniz¬ 
ing  phenomena  are  almost  certain  to  result  because  of  the  large  doses  of  male  sex  hor¬ 
mone  that  are  required. 

These  two  differences  seriously  impair  its  value  as  a  practical  method  of  treating 
cases  of  endometriosis. 
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STUDIES  OF  URINARY  EXCRETION  OF  PROGESTIN 

I.  FOLLOWING  INTRAMUSCULAR  INJECTIONS  OF  PROGESTERONE^ 

E.  C.  HAMBLEN.  W.  KENNETH  CUYLER*  and  D.  V.  HIRST 
From  the  Endocrine  Division  of  the  Department  of  Obstetrics  and  Gynecology, 
Du}{e  University  School  of  Medicine  and  Hospital 

DURHAM,  NORTH  CAROLINA 

Reports  by  members  of  our  group  (1-5)  and  by  Stover  and  Pratt  (6)  have  in' 
dicated  that  intramuscular  injections  of  progesterone  produce  no  definite 
-  increases  in  the  urinary  excretion  of  sodium  pregnandiol  glucuronide  of 
women  with  diverse  grades  of  ovarian  function.  Since,  as  our  group  observed,  mini' 
mal  or  no  endometriotropic  responses  are  commonly  observed  after  this  form  of 
therapy,  it  was  suggested  that,  perhaps  progesterone  in  oil  was  either  ineffectively 
absorbed  or  not  metabolized.  Accordingly,  its  possible  excretion  by  the  kidneys  in 
unaltered  form  was  investigated. 

Previous  studies  (7-14)  had  shown  that  body  fluids  of  healthy  women  contained 
little  or  no  biologically  active  progestational  principle.  Ehrhardt  and  Hagena  (i  i)  had 
reported,  furthermore,  that  two  women  who  had  received  total  doses  of  30  and  50 
Rb.  u.  of  progesterone  by  injection,  excreted  no  progestin  in  the  urine. 

METHODS 

The  bioassays  for  progestin  were  made  according  to  the  method  of  Ckirner  and 
Allen  (15).  A  modification  of  their  method  for  extraction  of  corpora  lutea  was  de' 
vised  for  the  extraction  of  urine.  Its  effectiveness  was  established  by  experiment. 

To  fresh  24'hour  specimens  of  urine  ethyl  alcohol  was  added  until  a  50%  alcoholic 
mixture  resulted.  After  refrigeration  at  8°C.  over  night,  the  supernatant  fluid  was  decanted 
and  the  precipitate  which  had  formed  was  discarded.  (This  precipitate  contained  substances 
toxic  to  test  animals.)  The  supernatant  fluid  was  distilled  at  6o°C.  under  negative  pressure 
and  the  resulting  residue  was  taken  up  in  500  cc.  of  hot  95%  alcohol.  This  alcoholic  solution 
was  distilled  at  45°C.  under  negative  pressure.  The  residue  was  extracted  several  times 
with  ethyl  ether,  the  combined  ether  extracts  amounting  to  approximately  200  cc.  Five  cc. 
of  olive  oil  was  added  to  the  ether  extract.  The  ether  was  evaporated,  leaving  an  extract 
in  oil  for  bioassay. 

The  following  experiment  was  carrried  out  to  establish  the  eflSciency  of  the  procedure 
employed  for  extraction.  Ten  mg.  of  progesterone  in  2  cc.  of  oil  was  dissolved  in  50  cc.  of 
95%  alcohol  and  then  thoroughly  mixed  with  i  1.  of  male  urine.  This  sample  was  extracted 
according  to  the  method  described.  The  extract,  tested  by  the  bioassay  method  of  Corner  and 
Allen,  gave  a  3  +  progestational  reaction. 

CLINICAL  DATA 

The  urines  of  2  young  women,  who  were  receiving  injections  of  progesterone  by 
way  of  therapy  for  uterine  bleeding  of  an  estrogenic  nature,  were  studied  for  content 
of  progestin. 

*  A  part  of  the  expenses  incurred  in  these  studies  was  defrayed  by  funds  from  grants  to  one  of  us 
(E.C.H.)  by  the  Research  Council  of  Duke  University  and  by  Sobering  Corporation,  Bloomfield,  N.  J. 
*  Ciba  Fellow  in  Clinical  Endocrinology. 
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Case  I.  The  patient,  aged  50  years,  began  to  receive  daily  intramuscular  injections 
of  10  mg.  of  progesterone®  in  oil  7  days  before  the  specimen  for  bioassay  was  taken. 
Two  days  prior  to  collection  of  the  specimen,  the  amount  of  progesterone  injected 
daily  was  increased  to  20  mg.  Accordingly,  a  total  of  90  mg.  of  progesterone  was 
given  prior  to  the  study  (40  mg.  during  the  48  hours  immediately  preceding  the  cob 
lection  of  urine).  During  this  7'day  period  of  therapy,  the  patient  excreted  only  3  mg. 
of  sodium  pregnandiol  glucuronide.  An  entire  24--hour  specimen  of  urine  was  ex^ 
tracted  and  assayed  for  progestin.  No  progestational  response  was  obtained. 

Case  2.  The  patient,  aged  31  years,  began  to  receive  daily  intramuscular  injections 
of  10  mg.  of  progesterone  in  oil  1 1  and  1 3  days  prior  to  bioassay  studies.  After  6  days 
of  therapy,  the  daily  dosage  of  progesterone  was  increased  to  20  mg.  A  total  of  160 
mg.  of  progesterone  had  been  received  prior  to  the  collection  of  the  first  specimen  and 
a  total  of  200  mg.  prior  to  the  collection  of  the  second  specimen.  The  total  urinary 
excretions  of  sodium  pregnandiol  glucuronide  prior  to  the  collection  of  the  first  and 
second  specimens  for  assay  were  2.5  and  2.9  mg.  respectively.  In  both  instances 
(nth  and  13th  days)  a  complete  24'hour  specimen  of  urine  was  extracted  and  assayed 
for  progestin.  Neither  specimen  yielded  a  positive  progestational  response. 

DISCUSSION 

These  studies,  in  conjunction  with  those  reported  previously,  indicate  that  pro' 
gesterone,  when  injected  intramuscularly  in  oily  solution  even  in  daily  amounts  of  20 
mg.,  is  not  excreted  in  any  appreciable  quantities  in  the  form  of  the  pregnandiol  com- 
plex  or  in  the  unaltered  form  as  biologically  active  progestin.  Its  actual  fate  in  the 
body  has  not  been  determined.  However,  it  apparently  is  not  metabolized  or  utilized 
in  the  manner  characteristic  of  intrinsic  progestin.  The  poor  endometriotropic  re- 
sponses  obtained  from  its  clinical  use  bear  testimony  to  this  latter  fact.  The  injected 
progesterone  may  be  more  or  less  completely  catabolyzed  or  it  may  be  excreted  in  some 
of  the  other  metabolic  forms  known  for  progestin. 

SUMMARY 

Two  young  women,  who  were  receiving  daily  intramuscular  injections  of  20  mg. 
of  progesterone,  excreted  no  biologically  active  progestin  in  a  total  of  3  complete  24- 
hour  specimens  of  urine  studied  by  the  bioassay  method  of  Corner  and  Allen.  During 
periods  of  therapy  wherein  the  two  patients  received  90  mg.  and  200  mg.  of  pro- 
gesterone  respectively,  total  urinary  excretions  of  sodium  pregnandiol  glucuronide 
were  3  mg.  and  5.4  mg. 
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STUDIES  OF  URINARY  EXCRETION  OF  PROGESTIN 


II.  FOLLOWING  ORAL  ADMINISTRATION  OF  PREGNEN'IN'ON'-3'OL'l7 
(aNHYDRO'HYDROXY'PROGESTERONE)i 

E.  C.  HAMBLEN,  W.  KENNETH  CUYLER^  and  D.  V.  HIRST 
From  the  Endocrine  Division  of  the  Department  of  Obstetrics  and  Gynecobgy, 
Du\e  University  School  of  Medicine  and  Hospital 

DURHAM,  NORTH  CAROLINA 

A  RECENT  REPORT  by  members  of  our  group  (i)  has  indicated  that  the  oral 
administration  of  relatively  large  amounts  of  pregnen'in'on'3'oLi7  (anhydro' 
hydroxy-progesterone)  resulted  in  endometriotropic  responses  of  progesta^ 
tional  character  in  women  with  diverse  grades  of  ovarian  function.  Concomitant 
studies  of  the  urinary  titers  of  the  pregnandiol  complex  and  of  androgens  indicated  the 
occurrence  of  no  significant  alterations  in  these  as  a  result  of  therapy.  Therefore, 
since,  endometriotropic  responses  characteristic  of  progestin  were  induced,  ap' 
parently  without  any  increases  occurring  in  the  urinary  titers  of  pregnandiol  com^ 
plex,  studies  of  the  urinary  values  of  biologically  active  progestin  were  made. 

METHODS 

The  method  for  extraction  of  the  urine  prior  to  bioassay  has  been  described  in  the 
previous  paper.  The  Corner  and  Allen  (2)  technic  of  bioassay  was  employed.  An  ex^ 
tract  of  a  complete  24'hour  specimen  of  male  urine,  to  which  10  mg.  of  pregnendn' 
on'3ol'i7  were  added,  yielded  a  negative  progestational  response  by  the  Corner  and 
Allen  method. 

CLINICAL  DATA 

Two  complete  24'hour  specimens  of  urine  of  a  patient,  who  was  receiving  orally 
40  mg.  of  pregnen'in'on'3'ol'i7®  each  day,  were  assayed  for  biologically  active  pro' 
gestin.  The  protocol  for  this  patient  follows. 

Case  I.  A  young  woman,  aged  17  years,  had  been  receiving  cyclic  oral  therapy 
with  sex  sterols  for  uterine  bleeding  of  an  estrogenic  nature.  As  a  part  of  this  treat' 
ment  she  was  given  orally  40  mg.  of  pregnen'in'on'3'ol'i7  daily  for  the  S-day  period 
which  immediately  preceded  the  onset  of  her  bleeding,  the  total  amount  given  being 
320  mg.  Two  24'hour  samples  of  urine  were  collected  for  bioassay  purposes,  one  after 
2  days  of  therapy  (i.e.  after  80  mg.  of  the  sterol  were  given)  and  one  after  4  days  of 
therapy  (i.e.  after  160  mg.  of  sterol  were  given).  Both  specimens  were  extracted  in 
their  entirety  by  the  method  previously  described  and  tested  by  the  bioassay  method 
of  Comer  and  Allen  for  biologically  active  progestin.  The  entire  extract  of  the  first 
specimen,  and  amounts  of  the  extract  of  the  second  specimen,  equivalent  respectively 
to  o.i,  0.2  and  0.4  of  the  total,  were  used  for  single  bioassays.  All  samples  gave  nega' 
tive  test  results  for  biologically  active  progestin.  Urinary  titers  of  sodium  pregnandiol 

‘  A  part  of  the  expenses  incurred  in  these  studies  was  defrayed  by  funds  from  grants  to  one  of  us 
(E.C.H.)  by  the  Research  Council  of  Duke  University  and  by  Sobering  Corporation,  Bloomfield,  N.  J. 
*  Ciba  Fellow  in  Clinical  Endocrinology. 

*  Pranone  supplied  by  Schering  Corporation,  Bloomfield,  N.  J. 
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glucuronide  were  investigated  during  the  period  of  treatment;  none  of  the  pregnandiol 
complex  was  excreted.  Bleeding  which  followed  therapy  was  from  a  persistent  estro^ 
genic  endometrium.  Average  daily  androgenic  titers  during  the  period  of  observation 
were  28  i.u. 

DISCUSSION 

These  studies  indicate  that  orally  administered  pregnen'in-on'^^ohiv  in  daily 
amounts  of  40  mg.  results  in  no  demonstrable  urinary  excretion  of  biologically  active 
progestin.  It  also  induces  no  increases  in  the  urinary  titers  of  the  pregnandiol  complex 
nor  does  it  alter  androgenic  titers  of  the  urine.  The  fate  of  this  sterol  in  the  body  has 
not  been  established.  An  explanation  of  the  specific  endometriotropic  responses, 
which  have  been  observed  following  its  oral  administration,  is  difficult  in  the  light 
of  these  findings. 

SUMMARY 

A  young  woman,  who  was  receiving  daily  by  mouth  40  mg.  of  pregnen'in'on'j'ob 
17  (anhydro'hydroxy'progesterone)  excreted  no  biologically  active  progestin  in  the 
urine  during  2  24'  hour  periods,  investigated  by  the  bioassay  method  of  Corner  and 
Allen.  During  the  entire  period  of  therapy,  in  which  a  total  of  320  mg.  of  this  sterol 
was  given,  no  sodium  pregnandiol  glucuronide  appeared  in  the  urine  and  no  altera- 
tions  occurred  in  the  urinary  titers  of  androgens. 
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A  COMPARATIVE  STUDY  OF  THE  EFFECTS  OF  MALE 
AND  FEMALE  SEX  HORMONES  ON  PITUITARY  GONAD^ 
OTROPIC  FUNCTION  IN  WOMEN 

NORMAN  O.  ROTHERMICH  and  LOUIS  M.  FOLTZ 
From  the  Department  of  Pathology,  The  Ohio  State 
University  and  The  Columbus  State  Hospital 

COLUMBUS,  OHIO 

The  theoretical  and  experimental  foundation  for  the  clinical  use  of  male  sex 
hormone  in  women  has  been  discussed  in  a  previous  paper  (i).  It  was  also 
pointed  out  that  the  increasing  application  of  such  therapy  (2,  3,  4)  called  for 
an  accurate  definition  and  understanding  of  the  action  of  testosterone  in  the  human 
female.  Pursuant  to  this  idea,  we  studied  the  effects  of  male  hormone  on  the  hypoph' 
ysis,  accessory  reproductive  organs,  and  the  general  body  economy  in  a  representa¬ 
tive  group  of  menopausal  women,  analyzing  separately  and  collectively  the  action 
of  the  hormone  in  each  sphere.  To  further  the  objectivity  of  such  observations,  in¬ 
stitutionalized  patients  with  involutional  psychosis  were  chosen,  and  a  second  group 
were  given  female  sex  hormone  under  identical  conditions,  thus  investigating  the 
specific  action  of  male  sex  hormone  by  contrast  and  comparison  with  its  female  coun¬ 
terpart. 

The  effect  on  the  accessory  reproductive  organs,  as  demonstrated  by  changes  in 
the  vaginal  smear,  has  been  the  subject  of  a  previous  report  (i).  This  paper  deals 
with  the  hypophyseal  reaction  to  the  administration  of  androgenic  and  estrogenic 
substances,  as  shown  by  the  excretion  of  gonadotropins  in  the  urine.  Current  litera¬ 
ture  contains  but  few  reports  of  such  studies  in  man.  By  injection  of  testosterone 
Salmon  (5)  was  able  to  produce  complete  disappearance  of  gonadotropic  hormone  from 
the  urine  of  one  castrate  woman,  and  Short,  Papanicolaou  and  Stimmel  (6)  reduced 
the  previously  excessive  values  of  urinary  prolan  to  normal  levels  by  similar  therapy 
in  3  menopausal  women.  Recently,  Nathanson  and  Towne  have  reported  similar 
results  in  4  castrate  women  (7).  The  characteristic  cessation  of  menses  which  usually 
follows  administration  of  male  hormone  in  menstruating  women  has  been  thought  to 
be  due  to  pituitary  inhibition  (2,  3,  8). 

Levin  and  Tyndale  (9)  have  provided  a  method  of  extraction  of  follicle  stimulating 
hormone  (FSH),  which  yields  a  dry,  relatively  non-toxic  powder,  stable  for  long 
periods  of  time  and  of  adequate  potency.  This  method  involves  precipitation  of  the 
urine  at  a  certain  pn  with  tannic  acid  and  subsequent  washing  of  the  precipitate  with 
alcohol  and  acetone.  When  convenient  for  assay,  the  powder  is  taken  up  in  alkaline 
aqueous  solution,  and  after  adjustment  of  pn  is  injected  into  immature  female  mice 
in  fractional,  equally  divided  doses,  daily  for  3  days.  The  animal  is  killed  24  hours 
after  the  last  injection  and  assayed  on  the  basis  of  increase  in  uterine  weight.  This 
assay  technic  was  likewise  developed  by  Levin  and  Tyndale  (10),  who  stipulated 
one  mouse-uterus  unit  (m.u.u.)  as  that  amount  of  FSH  which  will  produce  a  100% 
increase  in  uterine  weight  over  the  control. 

In  order  to  establish  normal  values  for  our  technic  the  urines  of  12  women  with 
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regular  menstrual  cycles  were  examined  in  the  same  manner  and  evaluated  from  the 
viewpoint  of  maximum  output  in  24  hours  on  any  day  of  the  cycle.  Under  identical 
technical  conditions  it  was  found  that  no  women  with  normal  menstrual  cycles  in 
this  series  ever  exceeded  30  m.u.u.  excretion  per  day.  Making  allowance  for  inherent 
error,  it  was  felt  that  any  excretion  above  50  u  could  be  considered  abnormal,  and  that 
reduction  of  pituitary  activity  by  hormone  injection  could  be  conceded  only  when  the 
quantity  of  gonadotropic  excretion  was  reduced  to  less  than  50  u. 

Of  the  patients  studied,  only  11  were  found  to  excrete  abnormal  quantities  of 
gonadotropic  hormone  previous  to  treatment.  In  this  group  the  ages  ranged  from 
40  to  56  years,  averaging  49  years,  while  the  duration  of  menopause  varied  from  2 
to  36  months,  18  being  the  average.  By  a  separate,  clinical  classification  it  so  happened 


Table  i 


Patient 


Duration  (mo.) 

Total 

dose 

mg. 

Urinary  FSH/24  hr. 
(m.u.u.) 

Mcno 

pause 

Psy¬ 

chosis 

Prelim¬ 

inary 

With 

treatment 

Grouf)  treated  with  male  sex  hormone 


Z.A. 

55 

48 

18 

1395 

200 

200 

E.C. 

46 

10 

6 

1870 

300 

30 

C.H. 

47 

7 

3 

810 

200 

30 

H.K. 

51 

18 

6 

1360 

200 

30 

(  Grouf)  treated  with  female  sex  hormone 


MB. 

56 

36 

14 

400,000 

100 

100 

O.M. 

43 

14(C) 

6 

700,000 

150 

50 

M.K 

50 

34 

36 

500,000 

100 

30 

HP. 

55 

5 

4 

650,000 

200 

30 

V.T. 

40 

16(C) 

9 

490,000 

400 

400 

B.H. 

51 

12 

9 

170,000 

300 

30 

L.W. 

53 

21 

8 

510,000 

100 

30 

that  7  patients  fell  in  the  theelin'treated  group,  and  only  4  were  in  the  group  which 
received  male  sex  hormone.  Treatment  was  carried  out  for  from  10  weeks  to  6  months. 
Twelve-hour  (if  possible,  24 -hour)  urine  specimens  were  twice  collected  and  assayed 
before  and  again  at  the  end  of  therapy. 

The  4  patients  treated  with  male  hormone  received  25  mg.  of  oreton  3  times  a 
week.  The  total  doses  of  oreton  in  the  4  cases  were  1395,  1870,  810  and  1360  mg., 
respectively.  At  the  beginning  of  the  experiment  the  urinary  excretion  of  FSH  was 
well  in  excess  of  100  m.u.u.  per  24  hours  in  all  4  women.  At  the  end  of  treatment,  3 
cases  had  a  daily  excretion  of  less  than  30  m.u.u.,  while  one  gave  persistently  positive 
tests  ranging  around  200  u  a  day  (the  latter  patient  had  received  1395  mg.  in  17 
weeks). 

In  the  other  group  of  7  women,  theelin  was  administered  in  doses  of  10,000  i.u. 
3  times  weekly.  The  total  dosage  ranged  from  300,000  to  700,000  with  an  average  of 
507,000  I.u.  Again,  at  the  outset,  these  patients  were  all  excreting  excessive  amounts 
of  FSH  (100  or  more  m.u.u.  per  24  hours).  After  treatment  4  patients  showed  a  reduc¬ 
tion  to  less  than  30  u,  one  gave  a  drop  to  upper  normal  limits,  and  in  2  there  was  no 
decrease  whatever.  (The  dosage  and  time  in  the  last  3  patients  were  700,000,  400,000 
and  490,000  in  20,  16  and  18  weeks  respectively.) 


I 


July,  1940 


SEX  HORMONES  AND  GONADOTROPINS 


39 


To  test  the  combined  action  of  both  hormones,  the  2  patients  who  continued  to 
excrete  abnormal  amounts  of  FSH  after  theelin  treatment  were  then  injected  for  2 
weeks  with  a  daily  dose  of  10  mg.  of  oreton.  The  FSH  excretion  rose  slightly  at 
first  and  then  promptly  dropped,  in  the  one  case  to  less  than  30  u,  in  the  other  to  less 
than  100  u  per  24  hours.  The  patients  then  received  2000  i.u.  of  theelin  daily  in  addi' 
tion  to  the  10  mg.  of  oreton,  and  the  FSH  output  again  rose  to  200  u  in  the  one  case, 
the  other  remaining  within  normal  limits.  The  latter  patient  developed  an  intercur^ 
rent  infection  and  studies  had  to  be  discontinued.  With  subsequent  elevation  of 
oreton  dosage  to  25  mg.  and  simultaneous  injection  of  5000  i.u.  theelin  daily,  the 
gonadotropic  hormone  output  fell  to  less  than  30  m.u.u.  This  could  be  changed  again 
by  raising  the  theelin  portion  to  10,000  u,  but  a  return  to  normal  was  effected  by 
giving  the  same  amount  of  the  hormones,  namely,  10,000  i.u.  and  25  mg.,  but  on 
alternate  days. 

DISCUSSION 

From  the  foregoing  data  it  is  evident  that  the  heterologous  male  sex  hormone  is 
just  as  effective  as  the  homologous  female  sex  hormone  in  bringing  about  a  reduction 
of  urinary  gonadotropic  excretion  in  menopausal  women — suggesting  thus  a  return 
of  this  particubr  pituitary  function  to  normal.  Our  findings  are  in  keeping  with  the 
results  obtained  by  others,  except  that  we  were  able  to  achieve  the  depressing  effect 
in  only  75%  of  the  cases  treated  with  androgen.  We  believe  that  such  data  furnish 
an  important  foundation  for  the  use  of  male  sex  hormone  in  women  whose  meno' 
pausal  disturbances  are  associated  with  pituitary  hyperfunction. 

Of  additional  significance  was  the  response  of  the  2  patients  who  were  apparently 
refractory  to  estrogen  therapy  in  the  doses  employed.  In  the  one  case  the  gonadotropic 
output  was  definitely  reduced  below  any  previous  level  by  daily  administration  of 
10  mg.  oreton,  while  the  same  therapy  brought  about  a  reduction  to  normal  in  the 
other.  The  employment  of  both  hormones  simultaneously  and  in  varying  doses 
yielded  results  which  again  suggest  some  interaction  between  the  two  hormones 
with  neutralization  of  the  effects  of  the  one  by  the  other.  This  phenomenon  can  not 
be  interpreted  as  an  end'organ  effect,  such  as  might  be  deduced  from  the  separate 
and  combined  effects  of  male  and  female  sex  hormones  on  the  vagina.  With  each  hor¬ 
mone  bringing  about  reduction  of  the  excretion  of  FSH,  it  was  logical  to  expect  that 
both  together  should  be  doubly  effective.  Their  failure  to  do  so  suggests  a  neutralizing 
interaction  before  either  hormone  reaches  the  pituitary,  this  action  occurring  either 
at  the  site  of  injection  or  in  the  blood  stream.  The  paucity  of  material  does  not  permit 
any  definite  conclusions  in  this  regard.  In  a  report  of  Engle  and  Smith  (ii)  on  the 
action  of  testosterone  on  the  endometrium  of  monkeys  previously  treated  with  estro¬ 
gen  there  is  certainly  no  suggestion  of  such  neutralizing  interaction.  However,  very 
recently,  Kochakian  (12)  found  that  the  usual  toxic  effects  of  estrogens  and  androgens 
on  mice  could  be  decreased  and  abolished  by  injecting  both  hormones  together.  He 
was  of  the  opinion  that  there  is  some  buffering  of  one  hormone  by  the  other.  Further 
studies  along  this  line  are  in  progress  and  will  be  reported  at  their  completion. 

SUMMARY 

In  5  of  7  menopausal  women  treated  with  large  doses  of  estrogenic  hormone,  the 
urinary  excretion  of  gonadotropic  hormones  could  be  reduced  to  within  normal 
limits.  Three  out  of  4  cases  responded  in  a  similar  manner  to  the  administration  of 
male  sex  hormone.  In  the  2  cases  apparently  refractory  to  the  estrogen,  a  definite 
decrease  of  urinary  gonadotropin  could  be  produced  by  administration  of  androgen. 
Administration  of  both  hormones  simultaneously  and  in  varying  doses  resulted  in  a 
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temporary  nullification  of  the  effects  of  one  by  the  other,  depending  upon  the  doses 
given. 

Wc  arc  deeply  indebted  to  Dr.  Max  Gilbert  of  The  Schcring  Corporation  for  the  generous  supply 
of  oreton. 
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THE  EFFECT  OF  HUMAN  PREGNANCY 
SERUM  ON  UTERINE  MOTILITY 

ITS  INFLUENCE  ON  THE  HUMAN  NONPREGNANT  UTERUS 

J.  E.  LACKNER  and  A.  S.  TULSKY 
From  the  Michael  Reese  Hospital 

CHICAGO,  ILLINOIS 

For  many  years  investigators  have  designated  the  increase  in  pituitrin  or  oxy' 
tocic  substance  circulating  in  the  blood  stream  of  the  pregnant  woman  at  term, 
as  a  cause  for  the  onset  of  labor.  In  similar  fashion,  other  investigators  have 
appended  this  same  explanation  as  a  cause  for  pregnancy  toxemias,  thus  accounting 
at  least  for  the  hypertension  and  oliguria.  More  recently,  Teel  and  Reid  (i)  have 
demonstrated  the  presence  of  a  diuresis  inhibiting  factor  in  the  urine  of  toxic  women 
when  such  urine  was  administered  to  normal  rats,  but  they  did  not  determine 
whether  or  not  that  factor  was  pituitrin.  No  studies  of  the  oxytocic  properties  of 
the  urine  were  made  by  them.  Others  (2),  using  blood  serum  of  women  in  labor, 
purport  to  have  shown  oxytocic  factors  in  such  serum  using  animal  uteri  in  vitro. 
With  as  little  as  5  cc.  of  serum  in  a  Ringer  bath  in  which  a  rabbit  uterus  has  been 
suspended,  they  have  demonstrated  rhythmic  contractions  of  this  uterus  over  a 
short  period  of  time.  Wodon  (3)  has  repeated  this  experiment,  but  has  obtained 
different  results.  He  found  that  he  could  elicit  contractions  in  the  isolated  uterine 
horn  of  a  rabbit  suspended  in  a  50  cc.  Ringer  bath  to  which  had  been  added  2  cc. 
of  defibrinated  blood  from  a  parturient  woman.  Similar  results  were  achieved  with 
human  puerperal  blood,  and  with  the  blood  of  a  nonpregnant  guinea  pig.  However, 
an  ultrafiltrate  of  parturient  blood  gave  no  results.  Wodon  concludes,  therefore,  that 
the  oxytocic  property  of  this  blood  is  not  a  specific  one,  but  lies  in  the  foreign  protein 
reaction  of  the  organic  residue. 

In  an  attempt  to  determine  for  ourselves,  first,  whether  the  blood  of  women  in 
labor  contained  oxytocic  substances,  and  second,  whether  such  substances  might 
also  be  found  in  the  blood  of  toxic  women  in  labor,  we  have  carried  out  a  series  of 
16  experiments  in  10  essentially  normal  women  by  means  of  the  intrauterine  bag 
previously  described  and  used  by  one  of  us  (J.E.L.)  in  studies  involving  the  follicular 
and  corpus  luteum  hormones  (4).  Under  strictly  aseptic  precautions,  a  volume  of 
250  cc.  of  blood  was  withdrawn  from  each  of  a  group  of  13  women  in  labor  in  the 
maternity  wards  of  the  Michael  Reese  Hospital.  All  of  these  women  were  at  term, 
and  8  of  them  had  an  uneventful  prenatal  history.  The  remaining  5  had  moderate  to 
severe  toxemias  as  judged  by  hypertension,  albuminuria,  oliguria  and  edema,  and 
subjective  symptoms  of  headache  and  nausea.  Each  blood  specimen  was  permitted 
to  settle  and  the  supernatant  serum  was  drawn  off,  tested  for  sterility,  and  placed  in 
sterile  rubber  capped  100  cc.  vials  ready  for  use.  Approximately  125  cc.  of  serum 
was  obtained  from  each  patient  in  this  fashion.  This  serum  was  prepared  under  the 
supervision  and  the  courtesy  of  Dr.  S.  O.  Levinson. 

Most  of  the  10  women  tested  with  this  material  had  a  normal  menstrual  history 
and  all  had  essentially  normal  pelvic  findings.  A  majority  of  the  experiments  were 
made  on  the  first  day,  or  in  the  proliferative  phase  of  the  menstrual  cycle,  at  which 
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time  theoretically  the  uterus  should  be  spontaneously  active,  or  more  susceptible  to 
the  influence  of  the  oxytocic  substance  (5).  The  bag,  previously  described,  was  intro' 
duced  into  the  uterus  with  aseptic  precautions,  and  attached  to  the  recording  ap' 
paratus  of  a  revolving  drum.  After  one^half  hour  (to  allow  for  basal  conditions  to 
return)  the  experiment  was  begun.  Spontaneous  uterine  contractions,  if  any,  were 
first  recorded,  and  after  a  short  period  of  time,  usually  15  to  20  minutes,  each  patient 
received  100  cc.  of  serum  intravenously,  its  effect  being  recorded  for  the  subsequent 
one'half  hour  to  hour.  At  the  end  of  that  time,  all  cases  were  given  an  intramuscular 
injection  of  i  cc.  of  obstetrical  pituitrin,  and  the  experiment  concluded  30  minutes 
later.  Blood  pressures  and  subjective  symptoms  were  noted  in  each  patient.  The 
protocols  and  results  follow. 

Case  I.  Mrs.  H.S.,  age  26  years  G-III  P-III.  Menarche  at  ly,  with  aWay  interval,  4'day  duration,  flow 
scant.  No  pain.  No  gynecological  complaints.  Uterus  in  third  degree  retroversion,  pelvis  otherwise 
normal.  Bag  inserted  at  4:55  p.m.  6/10/59,  is*  day  of  menstrual  period.  Uterine  volume  4.5  cc. 
Small  rhythmic  contractions  followed.  At  5:45  p.m.  the  patient  was  given  100  cc.  parturient 
serum  with  no  effect  on  uterine  tonicity  or  contractility.  At  6:50  p.m.  i  cc.  obstetrical  pituitrin 
(P.  D.  6r’  Co.)  was  given  intramuscularly  with  slight  increase  in  height  of  contractions,  but  no 
change  in  tonicity.  B.P.  1 10/  70  at  start  of  experiment  and  1 11/68  at  finish.  No  subjective  symptoms. 
Case  2.  Mrs.  J.D.,  age  54  years  P-O  G-O.  Menarche  at  17  with  40  to  yo-day  interval,  5'day  duration, 
moderate  flow,  no  pain.  No  gynecological  complaints.  Corpus  and  cervix  moderately  hypoplastic. 
Given  y  mg.  stilbestrol  intramuscularly  once  weekly  between  y/ 1/ 59  and  6/ 5/ 59.  Bag  inserted 
4 : 40  P.M.  6/ 5/ 59, 1st  day  of  menses.  No  spontaneous  contractions.  Given  100  cc.  toxemic  parturient 
serum  intravenously  with  but  slight  effect  on  tonicity  and  contractility  unaccompanied  by  sub' 
jective  symptoms.  With  administration  of  pituitrin,  the  contractions  increased  in  height  and 
frequency.  B.P.  101/60  at  beginning,  100/64  at  finish  of  experiment.  No  subjective  symptoms. 
Case  3.  Same  patient  (J.D.).  Bag  inserted  8:40  a.m.  7/11/59 — the  5rd  day  of  menses.  Uterus  quiescent. 
Given  100  cc.  toxemic  parturient  serum  intravenously  at  9:40  a.m.  with  no  change  in  uterine 
status.  One  cc.  pituitrin  at  10:50  a.m.  produced  small  rhythmic  contractions.  B.P.  unchanged.  No 
subjective  symptoms. 

Case  4.  Mrs.  R.L.,  age  50.  P-I  G'l.  Menarche  at  12  with  18'day  interval,  y-day  duration,  moderate 
flow,  no  pain.  Premenstrual  tension  for  week  prior  to  period.  Pelvic  examination  findings  negative. 
Bag  inserted  4:  ly  p.m.  y/51/59,  ist  day  of  menstrual  period.  Uterine  volume  5.y  cc.  Small  regular 
contractions  appeared.  At  y:oy  p.m.,  given  100  cc.  toxemic  parturient  serum  intravenously.  Re' 
sultant  decrease  in  frequency  and  height  of  contractions.  At  y:4y  p.m.,  i  cc.  pituitrin  caused 
return  to  original  contractility.  B.P.  118/84  at  start — 128/84  at  finish  of  experiment.  No  subjective 
symptoms. 

Case  y.  Same  patient  (R.L.).  Bag  inserted  4:50  p.m.,  7/6/ 59 — ist  day  of  menses.  Contractions  small  and 
infrequent,  but  regular  occurring  every  y  minutes.  At  y:iy  p.m.,  the  patient  was  given  100  cc. 
of  toxemic  parturient  serum  intravenously  with  no  effect  on  uterine  tonicity  or  contractility.  At 
y.'yy  p.m.,  the  patient  responded  to  1  cc.  of  pituitrin  hypodermically  by  an  immediate  increase 
of  tonus  and  rhythmic  strong  contractions.  B.P.  unchanged.  No  subjective  symptoms. 

Case  6.  Same  patient  (R.L.).  Bag  inserted  4:00  p.m.  9/6/59,  ist  day  day  of  cycle.  Spontaneous  con' 
tractions  strong  and  rhythmic  every  y  minutes.  At  y :  10  p.m.  the  patient  received  100  cc.  of  parturi¬ 
ent  serum  intravenously  with  no  effect  on  contractions  or  change  in  uterine  volume  .B.P.  unchanged. 
No  subjective  symptoms. 

Case  7.  Mrs.  M.S.,  age  5y  G-XIII P-X.  No  gynecologic  complaints.  Menarche  at  16  with  50'day  interval, 
7'day  duration,  profuse  flow,  no  pain.  Pelvic  examination  findings  essentially  negative.  Bag  in- 
9:50  A.M.  y/iy/59,  14th  day  of  cycle.  Volume  of  uterus  5.8  cc.  Uterus  responded  with  small 
contractions.  Given  100  cc.  parturient  serum  intravenously  at  10: 5y  a.m.,  no  demonstrable  effect 
on  tonicity  or  motility.  One  ampule  pituitrin  given  hypxxJermically  with  sharp  rise  in  tonus  and 
marked  increase  in  contractions.  Experiment  ended  at  11:50  a.m.  Volume  4.8  cc.  B.P.  141/86  at 
start,  and  141/86  at  finish. 

Case  8,  Mrs.  R.C.,  age  55  P-O  G-O.  Primary  sterility.  Menarche  at  ly  with  18'day  interval,  i-day 
duration,  moderate  flow,  no  pain.  Gonnorheal  infection  in  1956,  now  negative.  Pelvic  examination 
findings  negative,  tubes  patent.  Bag  inserted  4:2y  p.m.,  6/1/ 59,  ist  day  of  menses.  Uterine  volume 
1.4  cc.,  spontaneous  contractions  large  and  rhythmic.  At  6:00  p.m.,  the  patient  received  100  cc. 
parturient  serum  intravenously.  The  contractions  were"  not  affected,  but  there  appeared  to  be  a 
decrease  in  uterine  tonus.  Volume  of  uterus  at  end  of  experiment  was  1.0  cc.  B.P.  unchanged. 
No  subjective  symptoms. 


4 


July,  1940 


PREGNANCY  SERUM  AND  UTERINE  MOTILITY 


43 


Case  9.  Mrs.  E.R.,  age  29.  Primary  sterility.  PO  GO.  Menarche  at  15  with  iS-day  interval,  4'day 
duration,  moderate  flow,  no  pain.  Pelvic  examination  findings  negative.  Bag  inserted  at  5:00  p.m., 
6/1/39,  1st  day  of  menstrual  flow.  Uterine  volume  1.2  cc.  Small  rhythmic  contractions.  Given  100 
cc.  of  parturient  serum  intravenously  at  5:45  p.m.;  no  notable  effect  on  contractions.  Pituitrin 
caused  a  definite  rise  in  motility — tonicity  unaffected.  Endometrial  biopsy-proliferative.  B.P. 
unchanged. 

Case  10.  Mrs.  A.W.,  age  ji  G-II  P-II.  Complained  of  increased  flow  at  menses.  Menarche  at  ii  with 
28-day  interval,  h-day  duration,  profuse  flow,  no  pain.  Pelvic  examination  revealed  an  hypertrophic 
cervix.  Corpus  hard.  Bag  inserted  at  4 :  jo  p.m.,  6/ 14/ 39, 12th  day  of  the  menstrual  cycle.  Volume 
5.0  cc.  At  5:15  P.M.,  patient  was  given  100  cc.  parturient  serum  intravenously  with  no  notable 
effect  on  size,  frequency  or  rhythm  of  contractions  which  remained  small.  At  5:40  p.m.,  one  ampule 
of  pituitrin  produced  a  slight  increase  in  size  and  rhythm  of  contractions  of  uterus,  B.P.  unchanged. 
No  subjective  symptoms. 

Case  II.  Mrs.  M.H.,  age  27  P-I G-1.  Complained  of  frequent,  profuse  and  painful  menses.  Menarche  at 
14  with  28-day  interval,  y-day  duration,  moderate  flow,  no  pain  up  to  3  years  ago.  Then  periods 
occurred  every  3  weeks  for  8  days;  profuse  flow  with  severe  pain  first  2  days.  Pelvic  examination 
findings  essentially  normal.  Bag  inserted  at  4:00  p.m.  6/20/39,  ^ist  day  of  cycle.  Volume  8  cc. 
Small  rhythmic  contractions  followed.  Given  75  cc.  parturient  serum  intravenously  at  5:00  p.m. 
with  no  effect.  Pituitrin  likewise  was  without  effect.  B.P.  unchanged.  No  subjective  symptoms. 
Case  12.  Same  patient  (M.H.).  Bag  inserted  4:30  p.m.,  7/3/ 39,  ist  day  of  cycle.  Volume  1.2  cc.  Moderate 
arrhythmic  contractions.  At  y/ 35  p.m.,  the  patient  received  125  cc.  parturient  serum  intravenously, 
and  the  contractions  became  slightly  stronger  and  were  rhythmic,  but  tonus  remained  the  same. 
Pituitrin  caused  exaggerated  contractions.  B.P.  unchanged.  No  subjective  symptoms. 

Case  13.  Same  patient  (M.H.).  Bag  inserted  4: 10  p.m.,  8/7/39,  *6th  day  of  the  cycle.  Volume  0.5  cc. 
Small  irregular  contractions.  Given  100  cc.  parturient  serum  intravenously  at  4:45  p.m.  No  effect 
on  contractions.  Pituitrin  given  at  y:  10  p.m.  and  y:3y  p.m.  without  effect.  B.P.  unchanged. 

Case  14.  Mrs.  A.L.,  age  29  P-1  G-I.  No  complaints.  Menarche  at  10  with  30-day  interval,  4-day  dura¬ 
tion,  moderate  flow,  no  pain.  Bimanual  examination  negative.  Bag  inserted  4:iy  p.m.,  6/24/39, 
i2th  day  of  cycle.  Volume  2.6  cc.  Small  rhythmic  contractions.  At  4:yy  p.m.,  given  100  cc.  of 
parturient  serum  with  no  notable  effect  on  rate,  height,  rhythm,  or  tonicity.  Pituitrin  given  at 
y:2y  p.m.  with  some  increase  in  height  of  contractions.  Other  factors  remained  the  same.  Experi¬ 
ment  ended  at  y:4y  p.m.,  volume  2.8  cc.  B.P.  unchanged.  No  subjective  symptoms. 

Case  ly.  Same  patient  (A.L.).  Bag  inserted  4:30  p.m.,  9/4/39,  2nd  day  of  menstrual  flow.  Volume  4  cc. 
Contractions  small  and  irregular.  One  hundred  cc.  parturient  serum  given  intravenously  at  y:3y 
P.M.  and  contractions  subsided.  Pituitrin  given  at  y :  yo  p.m.,  and  resulted  in  marked  increase  in 
tonus  as  well  as  strength  and  frequency  of  contractions.  B.P.  unchanged. 

Case  16.  Mrs.  P.M.,  age  20  P-I  G-I.  Pain  in  both  lower  quadrants  for  years.  Menarche  at  ly  with  2y-day 
interval,  4-day  duration,  with  moderate  flow,  no  pain.  For  the  past  year  menses  have  occurred 
every  18  days,  of  4-day  duration  and  profuse  flow.  Bag  inserted  8: 4y  a.m.,  8/  2/  39,  ist  day  of  period. 
Volume  y  cc.  No  spontaneous  uterine  motility.  100  cc.  parturient  serum  given  intravenously  at 
9:4y  A.M.  with  no  effect.  One  ampule  pituitrin  given  at  10:  ly  a.m.  and  very  small  contractions 
followed.  B.P.  unchanged.  No  subjective  symptoms. 

It  is  apparent  from  these  protocols  that  in  no  instance  was  there  a  distinctly 
demonstrable  response  of  a  uterus  in  the  proliferative  phase  of  the  cycle  to  serum 
from  women  in  labor,  toxic  or  nontoxic.  It  is  likewise  apparent  that  the  subsequent 
administration  of  obstetrical  pituitrin  in  ii  instances  did  produce  a  noticeable  change 
in  uterine  status — either  in  tonicity,  or  motility,  or  both.  Three  experiments  were 
made  in  the  secretory  phase  of  the  cycle,  and  but  one  of  these  showed  a  response  to 
pituitrin.  It  is  noteworthy  that  we  observed  no  untoward  reaction  to  the  intravenous 
administration  of  human  serum,  and  that  its  use  is  entirely  unattended  by  any  danger. 

We  may  surmise  then  that  there  either  is  no  circulating  oxytocic  substance  in  the 
blood  of  toxic  and  nontoxic  women  in  labor,  or  that  it  is  present  in  such  small  quanti' 
ties  as  to  remain  undetected  by  the  methods  employed.  We,  therefore,  are  unable 
to  confirm  the  work  of  Fontes  and  others,  insofar,  at  least,  as  such  a  substance  affects 
the  human  nonpregnant  uterus. 

SUMMARY 

An  attempt  has  been  made  to  elicit  contractions  in  the  human  nonpregnant 
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uterus  as  detected  by  the  intrauterine  bag,  by  the  use  of  intravenously  administered 
human  parturient  serum. 

In  a  series  of  16  experiments  on  10  essentially  normal  women,  in  no  case  was  there 
a  demonstrable  response  of  the  uterus  to  this  material,  whether  obtained  from  a 
toxemic  or  nontoxemic  woman  in  labor. 

Blood  serum  derived  from  a  woman  in  labor  either  contains  no  oxytocic  sub' 
stance,  or  such  small  amounts  as  to  have  no  effect  on  the  human  uterus  in  vitro,  in 
the  dosage  or  manner  employed  by  us. 

We  wish  to  take  this  opportunity  to  acknowledge  indebtedness  to  the  Serum  Center  of  the  Michael 
Reese  Hospital,  Dr.  S.  O.  Levinson,  Ehrector,  for  its  aid  in  preparing  the  serum  for  clinical  use. 
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STILBESTROL,  A  SYNTHETIC 
ESTROGENIC  PREPARATION 

SHELDON  PAYNE  and  E.  KOST  SHELTON 
From  the  Shelton  Clinic 

LOS  ANGELES,  CALIFORNIA 

The  estrogenic  activity  of  several  of  a  large  series  of  phenanthrene  compounds 
reported  in  1933,  by  Cook,  Dodds  and  Hewett  (i),  aroused  the  curiosity  of  a 
number  of  organic  chemists.  Search  for  a  simpler  molecule  with  greater  potency 
demonstrated  that  the  phenanthrene  ring  system  was  not  essential  for  estrogenic 
activity  and  a  number  of  active  compounds  with  relatively  simple  structures  were 
discovered  (2).  From  these  early  experiments  emerged  4,4'dihydroxy'A,B'diethyl 
stilbene(stilbestrol),  a  substance  considered  several  times  more  potent  than  the  natural 
hormone,  estrone  (3,  4,  5).  In  view  of  the  toxic  action  of  kindred  substances  (contain^ 
ing  the  benxne  ring)  intensive  experiments  were  carried  out  to  determine  possible 
deleterious  effects  of  this  material.  Large  doses  of  stilbestrol  were  fed  to  rats  (6)  and 
monkeys  were  injected  with  stilbestrol  (7)  without  liver  damage  or  other  toxic 
effects.  Morrell  (8)  failed  to  observe  pathologic  changes  in  the  tissues  of  rats,  rabbits 
and  monkeys  after  stilbestrol  administration  and  Kreitmair  and  Sieckmann  (4),  using 
the  dog,  produced  no  untoward  symptoms  by  injecting  subcutaneously  doses  up  to 
300  mg.  On  the  other  hand  Loeser  (9)  working  with  rats  noted  loss  of  appetite  and 
hemorrhaging  from  the  vagina,  the  nose  and  the  intestines,  with  subsequent  necrosis 
of  the  liver  and  enlargement  of  adrenals  and  spleen  following  administration  of  the 
drug.  Also  granulocytopenia  and  anemia  in  dogs  was  reported  by  Tislowitz  (10)  after 
injections  of  5  mg.  of  the  drug  daily  for  from  25  to  50  days.  Similar  studies  by  Mac- 
Bryde,  et  al.  (ii)  showed  that  although  thrombocytopenia  and  purpuric  manifesta' 
tions  can  be  produced  in  animals  by  very  large  doses  of  stilbestrol,  animals  would 
tolerate  2  to  10  times  the  therapeutic  dose  without  showing  toxic  manifestations  if 
the  dose  was  computed  by  body  weight.  It  is  difficult  to  explain  this  lack  of  agreement 
relative  to  the  toxicity  of  stilbestrol  unless  the  variability  lies  in  dosage  which,  after 
all,  is  true  of  most  of  the  important  drugs. 

The  clinical  effectiveness  of  stilbestrol  has  now  been  attested  by  numerous  in^ 
vestigators  (5,  7,  11-21).  Because  of  its  comparatively  low  cost  it  has  already  found 
widespread  clinical  use  in  England  and  upon  the  Continent.  In  this  country  general 
distribution  has  been  withheld  pending  further  investigation  regarding  its  possible 
toxicity.  All  observers  agree  that  stilbestrol  is  a  potent  estrogenic  preparation  effec' 
tive  not  only  parenterally  but  also  when  given  by  mouth;  that  small  doses  are  for  the 
most  part  tolerated;  and  that  the  responses  are  similar  to  those  which  occur  following 
treatment  with  the  natural  estrins. 

In  our  series  80  patients  have  been  treated  with  stilbestrol  and  followed  for 
periods  of  from  3  to  8  months.  Several  had  been  under  observation  for  months  pre^ 
viously  during  natural  estrin  administration.  Each  patient  was  given  a  careful  physical 
examination  and  among  other  routine  procedures  blood  counts,  urine  examination 
and  vaginal  smears  and/or  endometrial  biopsies  were  made  at  the  beginning  of  treat' 
ment.  In  most  instances  blood  counts,  vaginal  smears,  etc.  were  repeated  at  frequent 
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intervals.  Liver  function  tests  were  performed  on  26  patients  (22).  Seventy 'one  pa^ 
tients  received  from  o.i  mg.  to  lo.o  mg.  stilbestrol  daily  by  mouth  (in  uncoated  or 
enteric  coated  tablets);  3  patients  received  intramuscular  injections  only  of  from  0.2 
mg.  in  oil  3  times  weekly  to  5  mg.  in  oil  daily  and  6  patients  received  varying  amounts 
of  the  drug  both  parenterally  and  by  mouth. 

Estrogenic  effects.  Attempts  to  produce  uterine  bleeding  by  stilbestrol  withdrawal 
were  made  on  27  occasions  in  7  individuals  with  amenorrhea  (3  with  primary  and  4 
with  secondary  amenorrhea  of  from  3  to  6  years  duration).  Uterine  bleeding  resulted 
in  24  instances  and  in  these  cases  the  endometrial  biopsies  which  in  all  patients  had 
previously  been  atrophic  showed  varying  degrees  of  proliferation  from  a  slight  effect 
to  a  thick  edematous  stroma  with  many  dilated  glands  suggesting  ‘hyperplasia.’ 
In  most  instances  following  treatment,  the  endometrium  simulated  that  found  in  the 
normal  individual  on  the  12th  to  14th  day  of  the  menstrual  cycle.  One  patient  failed 
to  bleed  following  3  periods  of  stilbestrol  withdrawal  (5  mg.  daily  for  14  days)  and 
the  three  biopsies  following  treatment  all  presented  an  atrophic  endometrium.  There 
seems  to  be  a  wide  individual  variation  in  the  response  of  the  endometrium  to  the 
same  dose  of  stilbestrol.  No  correlation  could  be  made  between  the  endometrial  find' 
ings  and  the  amount  and  duration  of  uterine  bleeding  following  stilbestrol  with' 
drawal. 

Fairly  regular  monthly  cycles  of  uterine  bleeding  simulating  normal  menstruation 
occurred  following  5  to  13  weeks  continuous  treatment  in  each  of  6  girls  with  delayed 
adolescence.  In  4  of  these  individuals  there  was  prompt  development  of  genitalia  and 
breasts. 

Fourteen  young  patients  with  infrequent  scanty  menses  were  treated  with 
stilbestrol.  Catamenia  became  more  profuse  and  prolonged  and/or  more  regular  in 
all  cases.  The  cycle  occurred  regularly  at  monthly  intervals  in  9  individuals  during 
treatment,  continuing  regularly  during  the  3  months  period  of  observation  after 
therapy  had  been  withdrawn.  In  2  of  this  group  afflicted  with  fairly  marked  genital 
retardation,  rapid  development  of  breasts  and  genitalia  also  occurred.  Varying  de' 
grees  of  genital  development  were  noted  in  the  remaining  12.  However,  in  the  treat' 
ment  of  2  women  with  undeveloped  mammae  who  were  menstruating  normally, 
uterine  hemorrhaging  but  no  further  breast  development  occurred. 

Two  women  with  severe  allergic  manifestations,  one  with  hay  fever  and  the 
other  with  hay  fever,  herpes  labialis  and  transient  edema,  known  to  have  responded 
to  natural  estrin  injections,  were  controlled  with  stilbestrol  by  mouth.  A  third  pa' 
tient  with  allergic  rhinitis  was  somewhat  improved.  Two  women  with  marked 
hirsutism  were  given  fairly  large  amounts  of  the  drug  without  change  in  their  ab' 
normal  hair  growth. 

Four  women  following  delivery  were  given  stilbestrol  in  an  attempt  to  inhibit 
lactation  with  apparent  success  since  in  no  instance  did  breast  pain  or  engorgement 
occur.  In  two  of  these  patients,  however,  there  was  some  fullness  of  the  breasts  for 
a  few  hours  3  or  4  days  after  stilbestrol  withdrawal.  Uterine  involution  proceeded 
normally  and  there  was  no  increased  bleeding  or  after  pains. 

The  response  of  42  women  suffering  from  the  menopausal  syndrome  was  in  most 
instances  remarkable.  Hot  flashes,  nervousness  and  headache  were  promptly  alleviated 
by  the  drug,  the  symptoms  diminishing  in  severity,  frequency  and  duration,  and  for 
the  most  part  entirely  disappearing  within  a  week  (o.i  to  3  mg.  daily).  Symptoms  were 
entirely  relieved  in  8  women  by  as  little  as  0.1  to  0.2  mg.  daily.  Six  patients  suffering 
from  post-radiation  menopause  with  severe  menopausal  symptoms  poorly  controlled 
by  massive  doses  of  the  natural  estrins  became  practically  symptom'free  following  a 
week’s  treatment  with  stilbestrol  (0.2  to  3  mg.  ^ily).  The  vulvitis  and  vaginitis  in  8 
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patients  observed  with  senile  changes  promptly  cleared  following  2  or  3  weeks’ 
administration  of  the  drug  (i  to  3  mg.  daily).  In  these  individuals  the  ‘atrophic’ 
vaginal  smears  consistently  showed  a  good  ‘estrin  effect’  during  treatment.  The  pain 
of  polyarthritis,  associated  with  menopause  in  5  women,  completely  disappeared  in 
3  and  was  considerably  alleviated  in  the  other  2  (i  to  3  mg.  daily). 

Untoward  effects.  A  wide  variation  in  the  individual  tolerance  to  stilbestrol  was 
observed  in  our  group.  In  general,  young  individuals  required  larger  amounts  and 
tolerated  more  of  the  drug  than  older  women  although  there  were  some  exceptions. 
One  girl,  age  16,  ingested  10  mg.  daily  and  at  the  same  time  received  5  mg.  by  in' 
jection  twice  weekly  without  untoward  effect,  whereas,  3  post'menopausal  women 
ages  39  (post-radiation),  63  and  67  years  had  a  recurrence  of  uterine  bleeding  while 
taking  2  mg.  orally  a  day.  Tingling  of  the  breasts  was  commonly  experienced  and  often 
breast  pain  and  swelling  occurred.  Several  women  in  the  menopausal  group  stated 
that  during  stilbestrol  therapy  there  was  an  increase  in  libido  which  had  not  been 
experienced  during  treatment  with  natural  estrins.  Increased  sex  desire  along  with 
anxiety  and  insomnia  became  “quite  annoying’’  to  4  patients  because  of  advanced 
age  and  to  one  unmarried  girl  of  29.  Nausea  occurred  frequently  (19  cases)  and  ap' 
peared  not  only  after  oral  administration  (16  cases)  but  also  after  injections  of  the 
drug  (3  cases).  For  the  most  part  nausea  was  mild  and  transient,  occurring  30  minutes 
to  2  hours  after  stilbestrol  administration  and  persisting  for  from  i  to  6  hours.  Nausea 
disappeared  spontaneously  in  10  patients  although  the  drug  was  continued.  In  3  other 
patients  nausea  failed  to  recur  when  enteric  coated  tablets  were  substituted  for  plain. 
Two  patients  complained  of  surging  waves  of  nausea  similar  to  that  of  early  preg' 
nancy,  becoming  most  intense  after  2  or  3  weeks  of  treatment.  Also  there  were  oc' 
casional  complaints  (3  cases)  of  anorexia  and  of  abdominal  distention  during  the  first 
day  or  two  of  stilbestrol  ingestion.  Cramping  lower  abdominal  pain  “as  if  to  men' 
struate”  was  described  by  4  girls  and  severe  lower  abdominal  cramping  along  with 
nausea  and  vomiting  followed  a  single  large  injection  (5  mg.)  in  one  instance.  &intil' 
lating  scotomata  became  troublesome  to  3  women  after  having  received  the  drug  for 
from  2  to  3  weeks.  Of  these  one  also  complained  of  nausea,  jaundice  and  pruritis  but 
when  examined  several  days  later  during  which  time  the  drug  had  been  withdrawn, 
she  exhibited  no  evidence  of  jaundice  and  both  the  icteric  index  and  the  hippuric 
acid  excretion  (22)  (4.75  gm.)  test  result  were  found  to  be  normal.  In  this  instance, 
however,  before  receiving  the  42  mg.  of  stilbestrol  her  hippuric  acid  excretion  had 
been  much  greater  (8.20  gm.),  suggesting  the  possibility  of  liver  damage.  Because  of 
persistent  symptoms  of  nausea,  scotomata,  etc.,  it  seemed  advisable  to  discontinue 
the  drug  in  6  patients.  At  times  it  was  discontinued  after  only  one  or  two  doses  but 
at  other  times  several  weeks  passed  before  untoward  symptoms  developed. 

The  results  of  hippuric  acid  excretion  liver  function  tests  performed  on  26 
patients  while  receiving  stilbestrol  were  all  within  normal  limits.  In  a  series  of  12 
girls  with  retarded  genital  maturation  receiving  i  to  5  mg.  stilbestrol  daily  for  a 
period  of  3  months  no  change  in  liver  function  was  observed.  Only  the  single  case 
cited  above  showed  changes  suggesting  possible  embarrassment  of  liver  function. 
Results  of  hemoglobin  determinations  and  red  and  white  cell  counts  showed  no  evi' 
dence  of  damage  to  the  hematapoetic  system  during  or  following  the  administration 
of  stilbestrol.  All  findings  were  normal  except  in  2  patients  in  whom  mild  anemias 
had  been  present  before  treatment  which  apparently  improved  during  the  period 
of  observation. 

DISCUSSION 

The  estrogenic  activity  of  stilbestrol  has  been  definitely  established.  The  inci' 
dence  and  significance  of  the  untoward  or  toxic  reactions  following  ingestion  or 
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parenteral  administration  of  the  drug  remain  controversial.  It  seems  reasonable 
to  assume  that  because  of  its  potency  and  ease  of  administration  clinical  investigators 
have  been  provoking  estrogenic  effects  of  a  magnitude  not  hitherto  encountered. 
Much  of  the  nausea,  as  well  as  the  anorexia,  abdominal  cramping,  painful  breasts, 
post'menopausal  bleeding,  insomnia  and  increased  libido,  may  be  the  result  of  estrin 
overdosage.  It  therefore  becomes  necessary  to  attempt  to  differentiate  between  the 
untoward  or  side  effects  which  may  result  from  estrin  overdosage  and  the  toxic 
effects  which  may  result  from  the  peculiar  chemical  structure  of  the  drug  itself.  The 
wide  variation  in  individual  tolerance  and  the  discrepancies  in  clinical  interpretation 
make  the  problem  most  difficult.  During  the  past  3  to  4  months  it  has  been  our  policy 
to  treat  patients  with  much  smaller  doses  than  originally  employed  and  the  side 
effects  have  diminished  perceptibly.  This  is  in  accord  with  the  views  of  Ehrhardt  et  al. 
(15),  who  were  inclined  to  contribute  a  large  number  of  unpleasant  reactions  to  over' 
dosage.  It  is  also  of  interest  to  note  that  Shorr  et  al.  (20)  reporting  on  a  series  of  44 
women  treated  with  stilbestrol,  80%  with  toxic  symptoms,  pointed  out  that  other 
investigators  employing  smaller  doses  and  for  shorter  periods  had  a  much  lower  in' 
cidence  (7%)  of  untoward  effects.  Be  that  as  it  may,  however,  the  high  incidence  of 
nausea,  the  occasional  eye  symptoms  and  the  one  possible  instance  of  liver  damage 
observed  in  our  series  are  sufficiently  disconcerting  to  warrant  great  caution  as  re- 
gards  the  general  use  of  the  drug  until  its  toxicology  is  further  elucidated. 

SUMMARY 

The  synthetic  drug,  4,4'dihydroxy'A,B,  diethyl  stilbene  (stilbestrol)  is  a  potent 
preparation,  effective  by  mouth  as  well  as  by  parenteral  injection,  fulfulling  and  some' 
times  surpassing  the  therapeutic  qualifications  of  the  natural  estrins.  A  number  of 
the  untoward  reactions  herein  and  elsewhere  reported  may  be  the  result  of  estrin 
overdosage.  Its  potency,  ease  of  administration  and  low  cost  make  it  conducive  to 
therapeutic  abuse.  Extreme  caution  as  regards  its  indiscriminate  administration  is  war' 
ranted  until  after  more  intensive  study  of  its  toxicology. 
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A  SUBCLINICAL  ENDOCRINOPATHY  AS  A  FACTOR  IN 
AUTARCEOLOGIC  SUSCEPTIBILITY  TO  POLIOMYELITIS' 


W.  LLOYD  AYCOCK 

From  the  Department  of  Preventive  Medicine,  Harvard  Medical  School 

BOSTON,  MASSACHUSETTS 

The  weight  of  evidence  favors  the  view  that  the  virus  of  poliomyelitis  is  wide- 
spread  (i)  and  is  disseminated  in  accordance  with  laws  which  operate  in  some 
of  the  more  common  communicable  diseases.  Expressions  of  this  more  or  less 
uniform  spread  of  the  virus  are  seen  in  such  epidemiologic  features  of  the  clinical 
disease  as  its  geographic  prevalence  and  its  age  distribution  (2),  as  well  as  in  the 
development  of  serologic  immunity  in  those  who  do  not  have  the  disease  in  recog' 
nizable  form  (3). 

Since  paralytic  poliomyelitis  occurs  in  only  a  limited  and  selected  fraction  of  those 
exposed  to  the  virus  (i,  5,  9),  it  would  appear  that  some  added  factor  enters  into  the  deter- 
mination  of  the  frank  disease  in  those  exposed  to  the  virus.  This  essential  circumstance  could 
lie  in  some  variation  in  the  virus  itself,  or  in  some  difference  in  the  environmental  forces 
affecting  its  transmission,  or  could  reside  in  factors  of  resistance  in  the  human  host.  While 
all  may  exert  an  influence,  a  number  of  the  selectivities  seen  in  the  distribution  of  the  para¬ 
lytic  disease  point  to  factors  in  the  host  as  the  major  determinant;  and  the  character  of 
certain  of  these  selectivities  gives  some  indication  of  the  nature  of  this  autarceologic 
susceptibility. 

Selectivities  in  the  Occurrence  of  the  Paralytic  Disease 

Familial.  As  compared  with  certain  of  the  more  common  communicable  diseases,  the 
occurrence  of  multiple  cases  of  poliomyelitis  in  families  is  exceptional.  But  when  the  low 
incidence  of  the  disease  in  the  general  population  is  taken  into  consideration,  it  becomes 
evident  that  the  familial  frequency  is  in  reality  relatively  high.  Some  circumstance  within 
the  infected  household  might  favor  the  spread  of  the  virus,  but,  in  the  light  of  other  evidence, 
the  occurrence  of  multiple  cases  is  interpreted  as  a  probable  indication  of  familial  suscepti¬ 
bility.  Even  more  suggestive  are  reappearances  of  the  disease  in  families  already  attacked. 
Again,  because  of  the  low  incidence  of  poliomyelitis,  such  recurrences  should  be  very  rare 
on  the  laws  of  chance.  In  many  instances,  cases  have  occurred  in  previously  affected  families 
under  circumstances  which  rule  out  such  possibilities  as  chronic  carriage  of  the  virus  on 
the  part  of  the  first  case,  pecuUarities  of  the  household  or  location,  and  other  common  ex¬ 
posure  factors  as  an  explanation  for  the  repeated  occurrence  of  the  disease  in  the  same 
family  (4). 

Figures  obtained  in  a  survey  to  ascertain  the  frequency  with  which  poliomyelitis  attacks 
certain  family  lines  (5)  afford  additional  evidence  of  a  familial  tendency.  In  an  area  where  satis¬ 
factorily  complete  family  histories  could  be  obtained,  50%  of  a  series  of  patients  interviewed 
consecutively  told  of  other  cases  in  their  family  lines;  while  only  5%  of  normal  individuals 
in  the  same  area  had  relatives  with  the  disease.  These  observations  are  interpreted  as  indica¬ 
tive  of  the  presence  of  some  inherent  constitutional  factor  which  determines  the  selective 
occurrence  of  the  paralytic  disease. 

Seasonal  and  climatic.  There  is  evidence  that  the  virus  of  poliomyelitis  is  equally  wide¬ 
spread  in  warm  and  cool  climates  (i),  and  there  are  reasons  for  believing  that  its  dissemina- 

*  Supported  by  the  Harvard  Infantile  Paralysis  Commission  and  a  grant  from  the  Commonwealth 
Fund. 


49 


50 


W.  LLOYD  AYCOCK 


Volume 


tion  is  affected  less  by  season  than  is  implied  by  the  seasonal  variation  in  the  disease  (i). 
The  paralytic  disease  is  less  prevalent  in  warmer  latitudes,  and  yet  it  uniformly  reaches  its 
highest  incidence  in  the  warmer  months  of  the  year. 

The  suggested  variation  in  the  frequency  with  which  exposure  to  the  virus  results  in 
the  paralytic  disease  tends  to  parallel  certain  seasonal  and  climatic  fluctuations  in  physiologic 
processes.  Such  a  correlation  suggests  that  inherent  susceptibility  to  paralytic  poliomyelitis 
does  not  lie  in  any  fixed  anatomic  character,  but  is  dependent  on  some  physiologic  process. 

Constitutioruil.  That  poliomyelitis  is  prone  to  select  certain  types  of  children  has  been 
noted  by  many  students  of  the  disease.  Even  Underwood,  who  gave  the  first  description 
in  1799,  spoke  of  its  picking  “the  finest  children,”  and  Heine,  in  1840,  remarked  that  “among 
features  prominent  in  almost  every  case  are  the  strong  and  blooming  bodily  constitution 
of  the  patient.” 

Mueller  (6),  in  his  study  of  the  outbreak  of  poliomyelitis  which  occurred  on  the  island 
of  Nauru  in  1910,  made  an  interesting  observation  of  a  more  statistical  order  which  is 
highly  suggestive  in  the  present  connection.  The  native  population  of  this  small  island  was 
1250.  There  was  a  high  degree  of  consanguinity  among  them,  as  brought  out  in  a  more 
recent  study  of  a  correspondingly  intense  outbreak  of  a  disease  exhibiting  a  far  more  striking 
familial  tendency — leprosy  (7).  In  addition  to  the  native  population,  there  were  on  the  island 
in  1910  some  800  imported  laborers  in  the  phosphate  mines,  largely  from  the  Caroline  Islands, 
and  80  white  individuals.  There  is  some  uncertainty  as  to  the  number  of  cases  which  occur¬ 
red,  but  from  the  recorded  deaths,  38,  it  is  quite  certain  that  the  attack  rate  far  exceeded 
that  of  any  other  known  outbreak  of  poliomyelitis.  The  disease  occurred  preponderantly  in 
the  native  population,  but  the  imported  labor  was  not  entirely  spared.  According  to  Muel¬ 
ler,  “It  was  striking  that  among  the  imported  laborers,  all  severe  paralysis  happened  to  the 
people  of  the  island  of  Pingelap,  although  these  were  only  15%  of  the  workmen  from  the 
Caroline  Islands.  It  is  strange  that. they  showed  strong  resemblance  to  the  inhabitants  of 
Nauru,  especially  in  the  shape  of  their  bodies,  as  both  were  inclined  to  a  certain  sponge-like 
fat  deposit,”  and  he  contrasted  these  with  “the  much  more  agile  and  athletic  type”  of  the 
other  people  of  the  Caroline  Islands. 

These  clinical  impressions  foreshadowed  Draper’s  doctrine  (8)  that  the  disease  tends  to 
occur  in  individuals  of  a  certain  constitutional  type.  While  the  usual  criteria  of  proof  may  still 
be  lacking,  many  observers  of  wide  experience  are  in  agreement  with  him. 

The  physical  characteristics  associated  with  susceptibility,  while  not  too  clearly  defined, 
include  certain  deviations  from  normal  or  average  growth  and  development  (9),  such  as  are 
well  illustrated  in  figure  i,  a  photograph  of  the  7  male  patients  attending  a  poliomyelitis 
clinic  recently  on  a  single  day.  It  is  not  meant  to  imply  that  any  such  proportion  as  4  out  of  7 
poliomyelitis  patients  in  general  are  individuals  of  this  type.  Nevertheless,  this  bodily  build 
is  seen  with  sufficient  frequency  to  suggest  that  inherent  physiologic  susceptibility  may  re¬ 
side  in  an  endocrine  difference,  more  largely  subclinical,  but  expressing  itself  as  a  frank  endo- 
crinopathy  in  a  portion  of  the  individuals  affected,  and  more  particularly  at  certain  periods 
of  growth  and  development,  irrespective  of  the  age  of  the  poliomyelitis  attack,  which  is 
more  directly  a  function  of  exposure  to  the  virus. 

Association  with  pregnancy.  That  poliomyelitis  occurs  excessively  often  during  the  latter 
months  of  pregnancy  (9)  is  a  clinical  impression  which  is  in  conformity  with  the  view  that 
endocrine  differences  are  involved  in  susceptibility  to  the  virus.  Among  the  changes  which 
accompany  pregnancy  are  those  of  mucous  membrane,  which  are  attributed  to  alterations 
in  the  economy  of  estrogenic  substance. 

The  weight  of  evidence  in  poliomyelitis  implicates  the  nasal  mucosa  as  a  portal  of  entry 
of  the  virus.  That  a  disturbance  of  this  structure  may  open  up  the  pathway  for  the  entrance 
of  the  infectious  agent  is  strikingly  shown  in  the  occurrence  of  bulbar  poliomyelitis  following 
tonsillectomy  and  adenoidectomy  (10,  ii).  Thus,  the  suspected  selectivity  seen  in  the  oc¬ 
currence  of  paralytic  poliomyelitis  in  the  latter  half  of  pregnancy  suggests  the  involvement 
of  estrogenic  substance  in  susceptibility,  and  gives  some  indication  as  to  the  possible  manner 
of  its  operation — through  mucous  membrane  alterations. 

While  no  weight  can  be  given  to  single  instances,  there  are  two  occurrences  of  poliomye¬ 
litis  recorded  in  endocrinopathic  individuals  which,  because  of  the  uncommonness  of  the 
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disease  and  the  even  greater  rarity  of  the  endocrinopathies  in  the  general  population,  are  im¬ 
pressive  when  taken  together.  On  four  type  cases  of  “juvenile  adiposogenital  hypopituitar¬ 
ism”  cited  in  a  study  (12),  one  had  suffered  an  attack  of  poliomyelitis.  The  other  instance 
is  an  attack  of  poliomyelitis  in  an  adult  male  castrate  individual  seen  by  the  author. 

EXPERIMENTAL 

Experimentally  it  has  been  shown  that  castration  of  immature  female  monkeys 
(Macacus  rhesus)  results  in  thinning  of  the  genital  mucosa,  and  that  the  administra-  ^ 
tion  of  estrogens  to  such  animals  effects  a  recornification  of  the  genital  mucosa  (13). 


Fig.  I.  Male  patients  attending  poliomyelitis  clinic  on  a  single  day.  Cases  r,  3,  4  and  5  are 

CONSTITUTIONAL  TYPES  SUSPECTED  AS  SUSCEPTIBLE  TO  POLIOMYELTIS. 


Age 

Age  Poliomyelitis 

Case  I. 

9yr. 

6  yr. 

2. 

12  yr. 

J  yr- 

3- 

12  yr. 

8  yr. 

4- 

II  yr. 

8  yr. 

5- 

10  yr. 

7  yr- 

6. 

10  yr. 

I  yr. 

7. 

5  yr. 

I  yr. 

It  has  been  further  shown  that  the  nasal  mucosa  participates  in  these  experimental 
changes  (14). 

Intranasal  instillation  of  the  virus  of  poliomyelitis  is  second  only  to  intracerebral 
inoculation  as  a  method  of  production  of  the  experimental  disease  (i).  Some  workers 
have  reported  as  high  as  100%  of  takes  following  three  instillations  of  certain  strains 
of  virus  (15).  With  the  strain  which  has  been  employed  in  this  laboratory  in  a  large 
number  of  experiments,  and  with  the  technic  used,  consisting  of  dropping  from  o.i  to 
o.5cc.ofa5%suspension  of  virus  into  the  nostrilsof  monkeys  held  with  head  inverted, 
practically  all  animals  develop  the  experimental  disease.  While  most  of  them  succumb 
to  relatively  few  instillations,  some  withstand  as  many  as  20  or  30,  although  our  ex¬ 
perience  has  been  that  continued  instillation  finally  results  in  successful  takes. 

Evidence  that  in  the  experimental  animal  the  nasal  mucosa  itself  constitutes  the 
barrier  to  the  paralytic  disease  is  supported  by  the  results  of  treatment  of  the  nasal 
mucosa  with  certain  chemical  preparations,  which  effect  a  blockade  against  experi¬ 
mental  infection  by  intranasal  instillation  of  the  virus  (9).  On  the  other  hand,  failure 
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to  obtain  subclinical  immunization  in  the  experimental  animal  through  intranasal 
instillations  of  the  virus  and  the  converse  widespread  subclinical  immunization  in  the 
human  disease  suggest  that  the  determinant,  as  between  the  paralytic  disease  and 
subclinical  immunization,  may  lie  in  some  more  deep-seated  barrier  or  cellular  affinity 
for  the  virus.  However,  in  either  case  the  nasal  mucous  membrane  is  implicated  as  the 
portal  of  entry  of  the  virus. 

In  a  previous  paper  (9),  experiments  were  reported  in  which  castrate  immature 
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Fig.  1.  Intramuscular  instillations  of  poliomyelitis  virus  in  castrate  and  normal  immature 
FEMALE  MONKEYS.  SoUd  dots,  intfanasal  virus  instillation;  open  dots,  intranasal  virus  instillations  (within 
probable  incubation  period);  Par.,  day  of  paralysis;  +,  died  of  intercurrent  infection. 


female  monkeys  developed  poliomyelitis  following  intranasal  instillation  of  virus 
more  promptly  and  with  greater  frequency  than  castrate  immature  female  monkeys 
prepared  by  preliminary  injections  of  estrin^  and  the  reaction  maintained  through  the 
period  of  virus  instillations.  Exact  comparison  could  not  be  made  between  these  re¬ 
sults  and  our  general  experience  with  intranasal  instillation  of  virus  because  of  dif¬ 
ference  in  experimental  set-up,  but  there  was  a  pronounced  dissimilarity  between  the 
results  in  castrate  monkeys  and  estrin  treated  castrate  monkeys.  Whether  the 
castrate  animals  were  more  susceptible  than  normal  animals,  or  the  estrin  treated 
animals  more  resistant  was  not  clear.  However,  our  interpretation  in  view  of  general 

*  Amniotin  or  stilbestrol  kindly  supplied  by  E.  R.  Squibb  and  Sons. 
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experience  with  intranasal  instillations  of  virus,  and  perhaps  influenced  to  an  extent 
by  theoretical  reasons  for  believing  that  castration  would  enhance  suceptibility  and 
that  administration  of  estrin  would  heighten  resistance,  was  that  each  procedure  af' 
fected  susceptibility. 

In  the  present  paper,  two  series  of  experiments  are  reported  which  relate  to  the 


Fig.  3.  Intranasal  instillations  of  poliomyelitis  virus  in  estrin  treated  castrate  and  cas¬ 
trate  IMMATURE  MONKEYS.  Vertical  bar,  intramuscular  injections  of  a,ooo  i.u.  of  amniotin;  solid  dots, 
intranasal  virus  instillations;  open  dots,  intranasal  virus  instillations  (within  probable  incubation  period). 
Par.,  day  of  piaralysis;  No  effect,  no  symptoms;  -f-,  died  of  intercurrent  infection;  M,  male,  all  other  ani¬ 
mals  female. 

effects  of  estrogenic  substance  on  susceptibility  to  poliomyelitis:  (a)  tests  of  the  effect 
of  artificially  induced  changes  on  the  susceptibility  of  monkeys  to  intranasal  instilla- 
tions  of  virus;  and  (b)  comparative  urinary  estrogen  assays  on  poliomyelitis  patients 
and  normal  individuals. 

(d)  To  test  further  whether  castration  increases  susceptibility  to  intranasal  instil¬ 
lation  of  virus,  a  preliminary  experiment  was  made  in  which  ii  normal  immature 
female  monkeys  and  an  equal  number  which  had  been  castrated  7  weeks  previously 
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were  given  daily,  at  the  same  time,  intranasal  instillations  of  the  same  suspension  of 
virus  until  all  the  monkeys  had  developed  the  experimental  disease.  No  significant 
difference  was  observed  in  the  resistance  of  castrate  immature  female  monkeys  as 
compared  with  normal  monkeys.  The  results  are  shown  in  figure  2. 

All  of  the  estrin  experiments  are  recorded  in  detail  in  figures  3  and  4.  A  summary, 
showing  the  proportion  of  animals  developing  poliomyelitis  and  the  interval  between 
the  first  instillation  of  virus  and  the  development  of  the  disease  are  shown  in  figure  5. 
ThirtyTour  of  45  castrate  animals,  and  21  of  45  estrin  treated  castrates  developed  the 
disease.  In  the  control  animals,  the  median  time  interval  from  the  first  instillation  of 
the  virus  to  the  development  of  the  disease  was  14  days,  and  in  the  estrin  treated 
castrates  it  was  18  days.  These  results  indicate  that  the  estrin  treated  castrate  ani' 
mals  not  only  developed  experimental  poliomyelitis  with  less  frequency  than  the  con- 
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Fig.  4.  Intranasal  instillations  of  poliomyelitis  virus  in  estrin  treated  castrate  and  castrate 
IMMATURE  MONKEYS.  VcTtical  baTs,  intiamuscular  injections  of  i.yoo  i.u.  of  stilbestrol;  solid  dots,  in- 
tranasal  virus  instillations;  open  dots,  intranasal  virus  instillations  (within  probable  incubation  period); 
Par.,  day  of  paralysis;  No  effect,  no  symptoms;  +,  died  of  intcrcurrent  infection. 

trol  animals,  but  the  interval  from  the  first  instillation  of  virus  to  the  onset  of  the  dis' 
ease  was  comparatively  longer. 

It  is  not  known  whether,  on  the  one  hand,  the  experimental  conditions  are  opti' 
mal,  or  whether,  on  the  other  hand,  they  are  entirely  artificial  and  beyond  the  bounds 
of  what  could  exist  in  individuals  exhibiting  the  manifestations  seen  in  the  suspected 
poliomyelitis  susceptible  type.  However,  since  the  experimental  observations  are 
consistent  with  epidemiologic  implications,  it  is  believed  that  the  artificially  induced 
conditions  may  be  considered  as  reflecting  those  which  exist  in  individuals  susceptible 
to  poliomyelitis. 

(b)  The  second  series  of  experiments  consisted  of  comparative  urinary  estrogen 
assays  on  poliomyelitis  patients  and  control  individuals.  Through  the  kindness  of  Dr. 
John  E.  Fish,  of  the  Massachusetts  State  Hospital  School  at  Canton,  where  273  crip' 
pled  children  from  6  to  20  years  of  age  are  boarders  (about  one-third  of  them  polio- 
myelitis  cases),  urinary  specimens  have  been  collected  in  a  uniform  manner  from  polio¬ 
myelitis  patients  and  others  of  the  same  ages.  Estrogen  assays  have  been  made  by 
benzol  extraction  (16)  and  titration  by  the  vaginal  smear  method  in  mice  (17).  The 
results  are  shown  in  table  i. 

These  estrogen  assays  were  made  on  chronic  cases,  so  the  status  at  the  time  of 
the  test  does  not  necessarily  reflect  the  condition  of  the  patient  at  the  time  of  the  at¬ 
tack  of  poliomyelitis,  which  in  these  individuals  had  been  from  one  to  20  years  pre¬ 
viously.  Neither  is  there  anything  to  show  that  the  endocrine  condition  indicated  is 
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Table  i.  Urinary  estrogen  assays 


Poliomyelitis  cases 

Ckintrols 

Males  1 

Females  | 

1  Males  1 

Females 

Age  1  M.u. 

Age  1  M.u. 

Age  1  M.u. 

Age  1  M.u. 

Individual  Specimens^ 


6 

m 

wm 

-4 

6 

-4 

-6 

6 

8 

8 

6 

-6 

-5 

8 

9 

5 

6 

—4 

10 

-6 

7 

-4 

10 

6 

7 

-4 

11 

6 

8 

-4 

KH 

9 

-4 

11 

B9 

^9 

11 

^^9 

Ave.  age 

9-33 

9-33 

7.89 

H 

9 

Ave.  M.u. 

6.33 

5-83 

99 

5-5 

31 

12 

6 

n 

-4 

ra 

12 

mSM 

12 

12 

12 

12 

N6 

W3M 

8 

12 

6 

■9 

-6 

■9 

96 

8 

12 

12 

6 

19 

8 

■9 

64 

19 

6 

■9 

99 

8 

16 

12 

19 

6 

16 

99 

8 

17 

48 

19 

12 

17 

99 

8 

18 

10 

19 

16 

17 

B9 

N6 

19 

12 

17 

6 

B9 

24 

19 

48 

18 

12 

■9 

N6 

16 

240 

20 

24 

■9 

48 

17 

96 

18 

96 

18 

12 

19 

48 

19 

64 

Ave.  age 

15.62 

14.89 

16.45 

14.25 

Ave.  M.u. 

24.25 

39-73 

15.09 

27.18 

Ave.  age  all 

12.29 

13-19 

12.60 

13.14 

Ave.  M.u.  all 

14.76 

30.05 

10.15 

24.07 

Pooled  Specimens* 


Spec. 

Age 

,  M.U. 

1 

Spec. 

Age 

i  M.U. 

Spec. 

Age 

M.U. 

Spec. 

Age 

M.U. 

I 

10-15 

4 

2 

14-17 

il 

3 

10-15 

3 

4 

13-18 

12 

I 

10-15 

8 

2 

14-17 

19 

3 

10-15 

4 

4 

13-18 

14 

I 

10-15 

6 

2 

14-17 

19 

3 

10-15 

-6 

4 

13-18 

24 

Ave.  age 

Ave.  M.u. 

13.00 

6 

15.80 

40 

13-19 

4-33 

14.80 

20 

Ave.  age  all* 

Ave.  M.u.  all* 

12.40 

13-45 

13.60 

31.^ 

12.69 

9-39 

13-41 

13 -ij 

*  i4'hour  specimens,  average  800  cc. 

*  Assay  made  on  800  cc.  sample.  Spec,  i,  14  individuals,  10-15  yr.,  ave.  14  yr.,  morning  specimen; 
2,  5  individuals,  14-17  yr.,  ave.  15.8  yr.,  14'hour  specimen;  3,  14  individuals,  10-15  yr-.  ave.  13.29  yr. 
morning  specimen;  4,  5  individuals,  13-18  yr.,  ave.  14.8  yr.,  24'hour  specimen. 

*  Average  of  all  specimens,  individual  and  pooled  samples. 
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not  a  sequela  to  poliomyelitis.  However,  in  view  of  the  epidemiologic  considerations 
presented  in  this  paper,  we  are  inclined  to  interpret  the  results  as  reflecting  a  physio' 
logic  condition  which  already  existed  at  the  time  of  the  attack,  although  the  figures 
cannot  be  considered  conclusive  because  of  the  wide  range  of  variability  between 
individuals  even  of  the  same  age.  In  view  of  the  enhanced  resistance  to  intranasal 
instillation  of  the  virus  observed  in  castrate  monkeys  treated  with  estrogens,  the 
finding  of  a  higher  average  excretion  of  estrogenic  substance  in  the  group  of  polio' 
myelitis  patients  suggests  the  possibility  that  the  endocrinopathy  sought  as  the  basis 
of  autarceologic  susceptibility  does  not  lie  in  a  simple  deficiency  in  the  elaboration  of 
estrogenic  substance,  but  rather  in  some  discrepancy  in  its  economy. 

SUMMARY 

There  is  epidemiologic  evidence  that  the  virus  of  poliomyelitis  is  widespread,  but 
that  the  occurrence  of  the  paralytic  disease  in  those  exposed  to  the  virus  is  limited  and 
selective.  Some  of  the  selectivities  indicate  that  the  determining  factor,  as  between 
clinical  and  subclinical  poliomyelitis,  resides  in  the  host.  Familial  tendency  suggests 
that  this  factor  is  inherent;  seasonal  and  geographic  selectivities  indicate  a  physiologic 
rather  than  an  anatomic  character;  association  with  a  certain  constitutional  type 
points  to  endocrine  dysfunction;  and  the  suspected  selectivity  seen  in  the  occurrence 
of  poliomyelitis  during  pregnancy,  in  view  of  the  implication  of  the  nasal  mucosa  as 
the  portal  of  entry  of  the  virus,  suggests  that  estrogenic  substances  are  concerned. 

Two  series  of  experiments  are  recorded.  In  the  first  set,  the  injection  of  estrogenic 
substance  into  castrate  immature  female  monkeys  enhanced  resistance  to  intranasal 
instillation  of  the  virus.  The  second  series  comprised  a  small  number  of  comparative 
urinary  estrogen  assays  on  poliomyelitis  patients  and  normal  individuals,  and  the 
results  indicate  a  higher  average  excretion  of  estrogenic  substance  in  the  group  of 
poliomyelitis  cases.  These  observations  suggest  that  autarceologic  susceptibility  to 
poliomyelitis  may  lie  in  some  fault  in  the  economy  of  estrogenic  substance. 
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The  weight  of  endocrine  organs  is  routinely  employed  as  an  adjunct  to  histO' 
logical  study  in  endocrinological  research.  For  the  rat,  experimentally  pro' 
duced  variations  in  the  weight  of  endocrine  organs  can  be  evaluated  by  the 
sacrifice  of  a  group  of  control  animals,  or,  by  reference  to  the  tables  of  organ  weights 
in  Donaldson’s  monograph  (i).  For  the  primates  the  sacrifice  of  a  group  of  animals 
as  controls  is  usually  out  of  the  question.  Neither  is  there  in  existence  any  set  of 
normative  data  corresponding  to  that  which  Donaldson  has  supplied  for  the  rat. 
The  present  study  is  an  effort  to  supply  this  need. 

The  literature  of  the  endocrine  glands  of  primates  is  scanty  and  is  mainly  concerned  with 
morphology  and  histology  of  these  organs.'  Moreover  quantitative  studies  are  largely  con¬ 
cerned  with  measurements  of  size  rather  than  of  weight. 

Wislocki  (a)  compared  the  measurements  of  the  gorilla  ovary  with  those  of  other  pri¬ 
mates.  He  stated  that  the  ovaries  of  the  gorilla  were  larger,  while  those  of  the  other  anthro¬ 
poids  were  smaller,  than  the  human  ovary.  His  measurements  were  of  size  and  did  not  take 
into  consideration  differences  in  body  weight  or  size.  He  described  the  ovaries  of  the  chim¬ 
panzee  as  small  and  resembling  in  shape  those  of  the  immature  human  being.  Sonntag  (3), 
from  one  specimen,  stated  that  the  weight  of  the  chimpanzee  testes  relative  to  its  body 
weight  is  larger  than  in  man.  HrdliCka  (4)  gave  data  on  the  testes  of  7  Alouatta  pulliata 
inconsonans  resulting  in  an  average  absolute  weight  of  25.05  gm.  and  a  mean  relative  weight 
of  3-45  gcf'-  per  kg-  of  body  weight.  Schultz  (4a)  has  recently  published  the  testes  weights  of 
80  adult  primates  representing  several  genera;  the  average  relative  weight  (percentage)  for 
12  Macaca  irus  monkeys  was  0.668  and  for  three  chimpanzees  was  0.048. 

Apart  from  these  scattered  data  on  endocrine  weights,  there  is  one  study  in  which  the 
weights  of  the  endocrines  have  been  determined  for  a  significant  number  of  primates  of  the 
same  genus.  Kohlbrugge's  (5)  data  are  based  upon  an  extended  series  of  animals  for  which 
an  age  diagnosis  had  been  made.  Moreover,  the  endocrine  weights  are  given  both  as  absolute 
and  relative  to  body  weights  (table  i).  Unfortunately,  the  genus  studied  was  the  Java 
langur,  Presbytis  (Semnopithecus)  maurus  and  P.  pyrrhus,  which  is  generally  un  available  for 
experimental  research.  Moreover  weights  are  not  given  for  the  pituitary,  thyroid  and  ovaries, 
while  the  remaining  endocrine  glands  were  weighed  in  but  a  few  animals. 

MATERIAL  AND  METHODS 

It  is  recognized  that  the  full  value  of  normative  tables  of  endocrine  weights  can 
only  be  attained  when  primate  forms  standardized  for  age,  dietary  status,  health  and 
genetic  strain  are  available  for  research  purposes  (6).  The  series  of  animals  studied 
here  is  heterogeneous  with  respect  to  all  of  the  above  factors.  But  since  the  animals 
generally  available  for  experimental  uses  are  probably  equally  variable,  it  was  con¬ 
sidered  preferable  to  accept  for  the  series  all  animals,  unless  conspicuously  diseased 
or  emaciated,  in  order  the  better  to  record  the  full  range  of  variation. 

*  See  Ruch,  T.  C.  Bibliographia  Primatologia  (to  be  published). 
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Animals.  The  material  used  for  the  study  consisted  of  primate  forms  autopsied  in  the 
Laboratory  of  Physiology  during  the  years  1936-1938.  The  glands  of  chimpanzee  ?{apoleon 
were  kindly  sent  to  us  by  the  Philadelphia  Zoo.  The  number  of  animals  autopsied  for  each 
genus  and  sex  are  as  follows: 

Genus  Number  of  animals 

Male  Female 

Macaca  24  a6 

Cercocebus  a  5 

Pan  6  II 

Most  of  the  animals  had  previously  been  used  for  neurological  studies.  Of  these  some  had 
been  kept  in  the  laboratory  for  extended  periods  under  a  favorable  dietary  regimen,  while  a 
few  others  had  died  of  various  diseases,  such  as  lobar  pneumonia,  pulmonary  tuberculosis, 
dysentery,  and  septic  meningitis.  Apart  from  the  thymus  and  adrenal  gland  it  is  questionable 
whether  the  above  cited  causes  of  death,  at  least  the  acute  diseases,  greatly  aflFect  the  endo¬ 
crine  weights.  The  glands  of  the  macaques  used  for  the  pancreatectomy  experiments  might 
deviate  from  the  normal,  but  this  series  constituted  only  a  small  percentage  of  the  entire 
group.  We  believe  that  our  results  constitute  a  fairly  adequate  set  of  data  for  animals  under 
average  laboratory  conditions. 

Autopsy  and  dissections.  Autopsy  was  usually  performed  immediately  or  within  a  few 
hours  after  death.  Most  of  the  animals  were  subjected  to  intra-arterial  lavage  and  formalin 
injection. 

The  parathyroids  lying  on  the  surface  of  the  thyroid  were  dissected  off,  but  those  im¬ 
bedded  in  the  glandular  tissue  were  left  intact.  Thus  the  thyroid  weight  includes  the 
weight  of  a  few  of  the  parathyroids  imbedded  in  the  tissue,  the  number  of  which  may  show 
individual  variations  in  primates,  as  in  other  species. 

In  the  mangabey  and  the  chimpanzee,  the  thymus  lies  mainly  in  the  thorax,  with  its 
short  slender  lobes  extending  into  the  neck,  while  in  the  macaques  the  gland  appears  to  be 
entirely  thoracic.  The  pinkish  color  and  the  nodular  consistency  of  the  gland  easily  distin¬ 
guish  it  from  the  surrounding  pale  lymph  glands  and  pericardial  fat.  Before  weighing,  the 
gland  was  always  dissected  from  its  capsule. 

In  the  dissection  of  the  pancreas  there  was  some  difficulty  in  excluding  the  numerous 
lymph  glands  lying  in  its  vicinity.  In  the  macaque  the  tail  of  the  pancreas  is  more  slender 
and  longer  than  in  other  species  of  primates  and  man.  Each  testis  was  separated  from  the 
epididymis  before  weighing.  The  ovary  was  dissected  free  of  its  capsule,  and  the  weight 
of  the  pair  was  taken. 

Analysis  of  data.  The  body  weights  of  the  animals  were  obtained  from  the  laboratory 
protocols.  The  animals  had  been  weighed  to  an  accuracy  of  o.i  kg.  The  glands  were  weighed 
on  a  microbalance  to  an  accuracy  of  1  mg. 

The  data  were  treated  separately  for  sex  and  genus.  The  means  and  the  standard  devia¬ 
tions  of  the  distribution  (<r)  of  endocrine  gland  weights  have  been  calculated.* 

Since  age  and  body  weight  varied  considerably  in  the  series,  the  gland  weights  proved 
to  be  highly  variable.  In  an  attempt  to  obtain  more  comparable  normative  values,  the 
gland  weights  are  expressed  as  a  ratio  of  the  body  weight.  This  procedure  might  either 
decrease  or  increase  the  variability.  For  the  endocrine  glands,  this  procedure  generally  de¬ 
creases  the  variability  as  will  be  brought  out  below. 

The  data  for  individual  animals  in  the  Macaca  and  Cercocebus  series  have  not  been  in¬ 
cluded  in  the  tables,  but  are  on  record  in  the  Laboratory  of  Physiology  from  where  they  can 
be  obtained.  In  the  case  of  the  chimpanzee,  the  data  are  considered  sufficiently  unique  to 


*  The  mean  was  calculated  from  the  formula  M =-:rr. 

H 

The  standard  deviation  of  the  distribution  was  calculated  from  the  convenient  formula 

H 

where  X  equals  the  deviation  from  an  assumed  mean  of  zero  and  hence  are  the  raw  gland  weights. 
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warrant  inclusion  of  individual  organ  weights.  The  number  of  monkeys  in  the  macaque 
series  is  sufficiently  great  to  permit  plotting  in  the  form  of  a  frequency  curve.  From  these 
graphs  it  can  be  determined  by  simple  inspection  where  a  given  endocrine  weight  from  an 
experimental  animal  falls  in  the  distribution. 

RESULTS  AND  DISCUSSION 

Relative  Versus  Absolute  Weights 

The  main  purpose  of  this  article  is  to  provide  normative  tables  of  endocrine  organ 
weights,  which,  in  the  absence  of  control  gland  weights,  may  be  used  in  endocrino' 
logical  experiments  on  the  primates.  Our  first  interest  therefore  is  in  the  variability 
of  the  data.  On  purely  a  priori  grounds  it  might  be  expected  that  certain  factors  which 
contribute  to  variability,  for  example,  age  and  nutritional  status,  would  be  decreased 
by  relating  gland  weights  to  body  weight.  But  since  under  certain  conditions,  this 
procedure  might  actually  increase  variability,  it  is  necessary  to  analyze  the  data  from 
this  point  of  view. 

The  variability  of  relative  and  absolute  weights  cannot  be  estimated  by  a  direct 
comparison  of  the  standard  deviations  of  the  distributions.  The  values  of  <r  for 


Table  i.  Summary  table  of  endocrine  weights  of  Presbytis.  (after  xohlbrugge,  5) 

(The  gland  weight  [^.]  is  expressed  as  a  percentage  of  body  weight  [gm.].  The  number  of  animals  is 
given  in  parentheses!) 


Presbytis 

Thymus 

Pancreas 

Right 

adrenal 

Left 

adrenal 

Testes 

Adult,  9 

o.oy  (3) 

o.iy  (11) 

O.OI  (ll) 

O.OI  (ll) 

cf 

O.OI  (l) 

0.08  (6) 

O.OI  (5) 

O.OI  (y) 

o.i  (2) 

Adult? 

0.04  (i) 

0.13  (i) 

O.OI  (l) 

O.OI  (l) 

Transitional  dentition,  9 ,  d" 

0.1  W 

0.13  (4) 

O.OI  (3) 

O.OI  (3) 

Very  young  animals,  9 

0.3  (3) 

0.04  (3) 

0.04  (3) 

0.05  (3) 

relative  weights  are  necessarily  smaller  by  virtue  of  being  expressed  in  different 
units,  i.e.,  grams  per  kilogram  of  body  weight,  instead  of  grams  of  organ  weight. 
To  compare  the  variability  of  the  relative  and  absolute  weights  it  is  necessary  to 
overcome  the  effect  of  this  difference  by  dividing  a  by  the  mean,  i.e.,  by  using 
Pearson’s  coefficient  of  variability.*  This  coefficient  of  variability  is  given  for  the  3 
genera  in  table  6.  On  the  whole  the  relative  weights  are  less  variable  than  the  absolute 
ones.  For  Macaca  and  Cercocebus  this  is  true  for  both  sexes  and  all  glands  except  for 
the  thymus  of  the  female  Cercocebus,  for  which  the  value  remains  unaltered.  In  the 
case  of  Macaca  for  which  the  data  are  most  extensive,  the  variability  of  relative 
weights  is  at  the  poorest  reduced  to  one-half  and  for  3  glands  to  as  much  as  one-eighth 
of  the  variability  of  absolute  weight.  Moreover,  it  is  apparent  from  inspection  of 
table  6  that  with  three  exceptions  the  variability  becomes  roughly  the  same  for  all 
of  the  endocrine  glands. 

For  the  chimpanzee,  the  effect  of  dividing  by  body  weight  was  to  decrease  the 
variability  in  7  cases,  to  leave  the  value  about  the  same  in  2,  and  in  5  cases  actually 
to  increase  the  variability  (table  6).  Four  of  the  5  cases  of  increase  are  contributed  by 
the  values  for  the  adrenal  glands.  This  effect  is  largely  due  to  one  young  chimpanzee 
(Zasu)  in  which  the  relative  weight  of  the  left  adrenal  was  18  times  that  of  the 
average  of  the  remaining  animals  of  same  sex  (tables  4  and  5).  However,  when  the 
relative  weight  value  for  this  animal  is  excluded,  the  mean  for  the  left  adrenal  is 


•  Pearson's  coefficient  of  variability  is  <r/M  X 100.  Ckjmparison  of  variability  is  a  difficult  statistical 
problem  and  this  treatment  is  not  universally  considered  adequate. 
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Table  2.  Mean  endocrine  weights  of  Macaca 


Gland 

Sex 

No.  of 
animals 

Absolute  wt. 

(gn>.) 

M  a 

No.  of 
animals 

Relative  wt. 
gm./kg.  body  wt. 

M  <r 

Pituitary 

cf 

20 

0.0  J9 

O.OII 

18 

0.019 

0.0027 

9 

22 

0.050 

0.019 

17 

0.018 

0.003 

Thyroid 

o' 

10 

0.2J2 

0.089 

18 

0.130 

0.022 

9 

22 

0.314 

0.127 

15 

0.  112 

0.014 

Pancreas 

17 

3.8j8 

1.546 

15 

1-770 

0. 100 

9 

21 

5.152 

1.490 

14 

2.050 

0.349 

Sex  gland 

o' 

13 

0.700 

0.401 

20 

0.316 

0.047 

9 

14 

0.201 

0.173 

17 

0.082 

0.010 

Left  adrenal 

23 

o.3iy 

0.137 

20 

0.199 

0.035 

9 

26 

0.447 

0.265 

18 

0.149 

0.017 

Right  adrenal 

o' 

13 

0.268 

0.085 

20 

0.163 

0,027 

9 

ly 

0.384 

0.216 

17 

0.123 

0.017 

Thymus 

cf 

13 

1-563 

1-173 

12 

0.682 

0.283 

9 

13 

1.972 

1-345 

10 

0.634 

0.051 

reduced  to  nearly  one-third  of  its  previous  value  (table  4).  The  inclusion  of  the  ab' 
solute  adrenal  weight  of  this  animal  has  little  effect  on  the  absolute  mean.  Moreover, 
since  the  range  of  body  weight  (and  presumably  of  age)  is  greater  in  the  chimpanzee 
than  in  the  Macaca  groups,  the  increase  in  variability  effected  by  using  relative 
weights  might  be  an  expression  of  a  fact  familiar  in  other  species  of  animals,  namely, 
that  the  adrenal  glands  as  well  as  the  thymus  tends  to  be  relatively  larger  in  young 
animals.  For  example,  the  adrenals  of  the  3  smallest  chimpanzees,  Zasu,  Blac]{ie  and 
chimpanzee  70,  provide  the  three  largest  values  for  relative  adrenal  weights  (table  5). 

The  use  of  relative  weight  is  not  strictly  justified  when  gland  weight  bears  other 
than  a  linear  relation  to  body  weight.  It  is  to  be  expected  that  for  any  organ  which 


Table  5.  Mean  endocrine  weights  of  Cercocebus 


Gland 

Sex 

No.  of 
animals 

Absolute  wt. 

(gm-) 

M  <r 

No.  of 
animals 

Relative  wt. 
gm./kg.  body  wt. 
M  «r 

Pituitary 

O' 

2 

0.047 

1 

0.019 

9 

5 

0.062 

0.019 

5 

0.017 

0.002 

Thyroid 

o' 

2 

0.407 

I 

0. 150 

9 

5 

0.567 

0.202 

5 

0.160 

0.006 

Pancreas 

o' 

2 

5.874 

1 

1.645 

9 

5 

8.163 

3-950 

5 

1-314 

1-951 

Sex  gland 

o' 

2 

0.618 

1 

0.287 

9 

5 

0.202 

0.090 

5 

0.054 

0.003 

Left  adrenal 

o' 

2 

0.309 

I 

0.096 

9 

5 

0.358 

0.086 

5 

0.106 

0.010 

Right  adrenal 

o' 

2 

0.239 

1 

0.072 

9 

5 

0.264 

0.045 

5 

0.079 

0.010 

Thymus 

cf 

2 

7.281 

I 

1.614 

9 

5 

10.401 

5.97 

5 

3.180 

1.882 
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either  attains  a  high  absolute  weight  early  in  life  (e.g.,  the  adrenal),  or  one  which 
involutes  (e.g.,  the  thymus)  the  variability  is  likely  to  be  increased  by  using  relative 
weights.  Ideally,  norms  for  such  glands  would  consist  of  a  curve  or  nomogram  relating 
organ  weight  to  body  weight  or  some  other  index  of  age  (perhaps  dentition),  but  to 
establish  such  a  curve  would  require  an  enormous  series  of  animals.  Our  data  for 
Macaca  and  Pan  show  that  for  animals  in  late  adolescence,  such  as  are  customarily 
used  in  laboratory  experiments,  relating  organ  weight  to  body  weight  does  actually 
reduce  variability  (table  6).  The  S.D.  of  the  distribution  enters  the  formula  which 

Table  4.  Mean  endocrine  weights  of  Pan 


Gland 

Sex 

No.  of 
animals 

Absolute  wt. 

(gm) 

M  <r 

No.  of 
animals 

Relative  wt. 
gm./kg.  body  wt. 

M  <T 

Pituitary 

d' 

4 

0.176 

0.110 

4 

0.013 

0.0026 

9 

8 

0.277 

0.135 

8 

0.011 

0.0099 

Thyroid 

o' 

4 

2.006 

1.014 

4 

0.100 

0.0133 

9 

8 

1.911 

1.360 

8 

0.128 

0.0173 

Pancreas 

o' 

4 

29-5J7 

26.189 

4 

1.327 

0.405 

9 

6 

16.666 

7.416 

6 

1.449 

0.770 

Sex  gland 

(f 

5 

77-273 

(6.592 

141.400 

4-503)* 

4 

1.110 

(1.776 

2.504 

0.523) 

9 

9 

1-374 

1.587 

8 

0.087 

0.010 

Left  adrenal 

cf 

5 

2.174 

0.2J4 

5 

0.278 

0.134 

9 

10 

2.685 

1.288 

10 

0.528 

(0.179 

0.889 

0.083) 

Right  adrenal 

o' 

5 

1.011 

0.162 

5 

0.268 

0.II8 

9 

10 

2-342 

0.935 

10 

0.465 

(0.2II 

0.771 

0.II7) 

Thymus 

o' 

6 

18.551 

23.667 

6 

0.749 

0.468 

9 

11 

9-I3I 

9-95 

10 

0.994 

(0.642 

1.191 

0.783) 

*  Parentheses  indicate  the  exclusion  of  one  exceptional  gland  weight. 


would  be  used  in  comparing  the  means  which  we  provide  with  the  mean  weight  of 
endocrines  of  an  experimental  group.^  A  given  difference  in  means  is  more  reliable 
the  smaller  the  value  of  «r.  Therefore  the  relating  of  gland  to  body  weight,  by  re^ 
ducing  (7,  should  give  a  more  reliable  basis  of  comparison.  It  is  probable  that  this 
practice  should  be  followed  in  the  use  of  gland  weights  in  endocrinological  studies 
on  the  rat,  though  the  improvement  to  be  expected  would  certainly  be  less  owing  to 
the  greater  homogeneity  of  laboratory  strains. 

Variability 

The  high  degree  of  variability  of  the  weight  of  the  endocrine  glands  persisting 
even  after  relating  organ  weight  to  body  weight  is  a  striking  fact  and  emphasizes  the 
need  for  reliable  normative  data.  The  variability  in  Macaca  can  be  roughly  estimated 
from  the  range  of  the  curves  in  figures  i  to  6.  The  largest  pituitary  or  thyroid  weight 

*  Critical  ratio  relating  a  mean  difference  to  standard  error  of  mean  difference  is: 

Critical  ratio  =  MlzMl  =  v^, -Wa/s 

«rdiff-.WiJr2 
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FIG.2 

PITUITARY 


5.1  .15  .2  .25  .3  .35  4  45  .5 
.  GM./ KG.  BODY  WT. 


FIG.  5a 

LEFT  ADRENAL 


.005 .01 .015.02.02503.035 .04 
^J^M./KG.  body  WT. 


riG.3 

TESTE5 


.2  .3  4  .5  .6  .7  .8  .9 
GM./KG.BODY  WT. 

\  OVARIES 


.05  .1  .15  2  .25  .3  .35  4  45  .5  .55 
.  GM./K6.  BODY  WT. 


.05  .1  .15  .2  .25  .3  .35  4  45  .5  .55 
GM/KG.  BODY  WT. 


I  1.2  1.4  1.6  1.8  2  2.2  2.4  2.6  2.8  3 
GM./K6.  BODY  WT. 


Fig.  I  to  6.  Percentage  distribution  of  relative  weights  of  the  endocrine  glands  of  Macaca. 
The  ordinates  show  that  percentage  of  glands  falling  within  a  given  weight  range.  Dotted  lines  are  males; 
solid  lines  females. 


is  roughly  2.5  times  as  heavy  as  the  lightest;  for  the  testes  the  range  is  5'fold,  and  for 
ovaries  about  4'fold.  The  standard  deviation  is  a  true  measure  of  variability  and  in 
reading  the  column  for  a  in  the  tables  it  should  be  remembered  that  68%  of  the 
frequencies  fall  within  icr  on  either  side  of  the  mean.  The  degree  of  variability  is  un' 
questionably  magnified  by  the  heterogeneous  character  of  the  series.  But  since  the 
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animals  available  for  experimental  work  are  likely  to  be  equally  unselected  it  must 
be  emphasized  that  a  considerable  ‘normal’  variation  is  to  be  expected. 

The  variability  for  Macaca  differs  considerably  from  gland  to  gland.  To  compare 
gland  with  gland,  Pearson’s  coefficient  of  variation  (table  6)  rather  than  the  values 
of  a  must  be  used  since  the  latter  will  be  obviously  greater  for  the  heavier  organs 
such  as  the  pancreas.  The  low  degree  of  variability  of  the  thymus  probably  results 
from  the  fact  that  in  many  animals  this  gland  existed  only  as  a  trace.  The  low  value 
for  the  pancreas  of  Macaca  is  interesting  since  as  far  as  weight  is  concerned  it  should 
be  considered  as  a  duct  gland.  If  the  remaining  glands  be  considered  it  will  be  seen 
that  the  variability  is  uniform  and  small,  ranging  between  12.1  and  1*7.5%  of  the 
mean. 

The  endocrine  glands  in  the  chimpanzee  series  are  considerably  more  variable 
except  for  the  thyroid,  and  values  of  a  as  given  are  lower  than  the  estimated  varia- 


Table  5.  Endocrine  weights  of  chimpanzees,  expressed  as  gland  weight  in  gm.  per  kg.  body  weight 


Scries  no.  Body  wt., 
and  sex  kg. 

Pituitary 

Thyroid 

Pancreas 

Sex 

gland 

Left 

adrenal 

Right 

adrenal 

Thymus 

Chimp  68  9 

11.5 

0.014 

0.108 

0.011 

0.013 

0.195 

0.200 

0.086 

Mae  9 

15.0 

0.019 

0. 140 

1.187 

0.064 

0.248 

0. 180 

0.274 

Sadie  9 

6.0 

0.026 

0.113 

0.117 

0.287 

0.353 

0.417 

Trixie  9 

6.25 

0.019 

0. 170 

2.980 

0.049 

0.292 

0.259 

0.294 

Lucy  9 

30.1 

0.014 

0.128 

0.863 

0.128 

0.108 

0.0^ 

0.222 

2asu  9 

i.iy 

3-i68 

2.752 

4.160 

Susan  9 

12.5 

0. 140 

0.096 

1-736 

Chimp  73  9 

2.1 

0.040 

0.200 

1-577 

0.053 

0.055 

0.453 

0.226 

Chimp  72  9 

26.2 

0.014 

0.061 

0.062 

0.207 

0.160 

0.470 

Ena  9 

20.9 

0.020 

0.209 

1.081 

0.215 

0.083 

0.106 

1.056 

Jerome  d' 

20.6 

0.017 

0.092 

0.688 

0.110 

0.097 

1-390 

Tim  o' 

13-7 

O.OII 

0.177 

I- 153 

0.412 

0.143 

0.140 

0.740 

Blacipe  o' 

5.65 

0.013 

0.381 

1-795 

0.655 

0.401 

0.317 

0.217 

T^apoleon  o' 

53-0 

1.603 

6.792 

1.264 

Chimp  69 

8.4 

0.012 

0.184 

0.760 

0.335 

0.297 

0.255 

0.134 

Chimp  70  cf 

4.2 

0.442 

0.535 

0.750 

bility  since  the  formula  for  a  small  number  of  cases  has  not  been  used  in  calculating. 
This  would  also  affect  the  values  for  Cercocebus,  which,  however,  would  still  be 
lower  than  for  Macaca. 

Sex  Differences 

That  there  is  a  sex  difference  in  endocrine  weights  might  be  concluded  from  the 
data  for  Macaca  given  in  table  2  where  the  absolute  weights  for  all  glands  are  con- 
sistently  greater  for  the  females.  However,  it  is  probable  that  this  is  not  a  true 
difference,  but  is  rather  a  result  of  the  fact  that  our  females,  on  the  average,  are 
heavier  and  therefore  older  than  the  males  (average  body  weights,  2.75  kg.  and  2.05 
kg.,  respectively).  If  sex  differences  be  estimated  after  differences  in  body  weight 
between  the  two  sex  groups  are  discounted,  i.e.,  by  relating  gland  weights  to  body 
weights,  it  is  seen  that  the  relationship  is  reversed  (table  2).  The  female  glands  are 
lighter  than  for  the  males,  whenever  there  is  a  difference.  In  relative  weights  of  the 
pituitary  and  the  thyroid  there  is  no  suggestion  whatever  of  sex  difference.  The 
graphs  for  these  glands  (fig.  i,  2)  show  that  in  distribution  as  well  as  mean  the  two 
sexes  form  an  almost  identical  population.  For  the  pancreas  and  the  thymus,  the 
obtained  sex  difference  is  statistically  unreliable. 

Inspection  of  the  graph  for  the  relative  weight  of  the  adrenal  (fig.  5a,  5b)  suggests 
the  existence  of  sex  difference  in  favor  of  the  males,  although  there  is  a  considerable 


July,  1940 


ENDCXIRINE  WEIGHTS  OF  PRIMATES 


6? 


overlapping  of  the  two  distributions.  The  average  of  the  male  left  adrenals  is  33.6% 
heavier  and  of  the  right  adrenals  is  32.5%  heavier  than  for  the  females.  Statistically 
the  mean  difference  is  reliable,  the  difference  between  the  means  being  5.5  times  the 
standard  error  of  the  mean  difference  for  the  left  adrenal  and  about  the  same  for  the 
right.  The  tendency  of  the  male  adrenal  to  exceed  the  female  does  not  agree  with  the 
data  of  Kohlbrugge  (5)  (table  i).  For  Presbytis,  he  gives  identical  relative  weights  for 
the  right  adrenal  but  finds  the  left  adrenal  to  be  0.02%  of  the  body  weight  for  the 
females  as  opposed  to  0.01%  for  males.  Hill  (7)  on  the  basis  of  size  measurements 
states  that  the  female  adrenal  is  considerably  larger  if  body  weight  be  taken  into 
consideration.  In  the  rat,  the  adrenals  of  the  female  are  considerably  larger  than  those 


Table  6.  Variability  of  the  absolute  and  the  relative  weights  of  primate  endocrine  glands, 

CALCULATED  BY  PeaRSOn's  COEFFICIENT  OF  VARIATION,  <r/MX  lOO 


Gland 

Sex 

Ccrcocebus 
Absolute  Relative 

Macaca 

Absolute  Relative 

Pan 

Absolute 

Relative 

Pituitary 

cf 

18.2 

14.2 

62.5 

20.0 

9 

30.6 

1.2 

38.0 

16.6 

48.7 

47-1 

Thyroid 

o' 

38.3 

16.9 

yo.y 

13-3 

9 

35-5 

3-7 

40.0 

12.5 

70.8 

12.7 

Pancreas 

cf 

40.2 

y.6 

89.2 

30-5 

9 

48.4 

12.7 

28.9 

12.1 

44-5 

53-1 

Sex  gland 

o' 

57-3 

14.8 

/183.O 

t(68.3)> 

/140.9 

l(i8.6) 

9 

44? 

5? 

86.0 

12.1 

115.5 

23.0 

Left  adrenal 

cf 

42.2 

17-5 

10.7 

48.2 

9 

24.0 

9-4 

59.2 

II. 4 

47-9 

/ 166.0 

1(46.3) 

Right  adrenal 

d* 

31-7 

16.5 

8.0 

440 

9 

17.0 

12.6 

56.2 

13-8 

39-9 

/165.0 

l(?5.5) 

Thymus 

d' 

13.8 

4-1 

127.0 

62.4 

9 

57.0 

59.0 

68.6 

8.0 

108.0 

129.0 

^  Parentheses  indicate  the  exclusion  of  one  exceptional  animal. 


of  the  male,  except  in  infancy.  According  to  our  data  the  direction  of  the  sex  differ- 
ences  depends  on  whether  absolute  or  relative  weights  are  used.  The  superiority  of 
female  in  absolute  weight  is  due  to  differences  in  body  weight  as  noted  above.  On 
the  other  hand,  the  division  by  body  weight  may  have  over-corrected  for  difference 
in  body  weight,  especially  since  the  adrenal  is  large  in  young  (small)  animals.  For  this 
reason  it  is  impossible  to  draw  further  conclusions  than  that  in  our  series  in  absolute 
gland  weight  the  female  macaques  exceed  the  males,  but  in  relative  weight  the  males 
are  somewhat  superior. 

The  data  for  the  chimpanzee  (table  4)  owing  to  the  greater  variability  and  the 
smaller  number  of  animals  in  the  series  do  not  permit  close  comparisons  of  the  sexes. 
The  pituitary  gland  of  the  female  is  57%  heavier  than  that  of  the  male  in  absolute 
weight  and  nearly  the  same  proportion  (62%)  is  maintained  in  relative  weights. 
For  the  thyroid,  there  is  no  difference  in  absolute  weight  (4%),  but  relative  weight 
for  the  female  is  28%  heavier  than  for  the  male.  None  of  the  differences  is  established 
as  statistically  reliable  owing  to  the  high  standard  errors.  For  the  adrenal,  the 
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gland  of  the  female  exceeds  that  of  the  male  in  absolute  weight,  as  in  the  macaque, 
and  the  difference  is  likewise  reversed  when  gland  weight  is  related  to  body  weight, 
the  male  gland  becoming  the  heavier.  When  the  value  for  the  relative  weight  of  the 
adrenals  of  Zdsu  is  excluded  (see  above)  the  male  left  adrenal  is  55%  and  the  right  is 
27%  heavier  than  that  of  the  female  chimpanzee.  When  statistically  treated,  these 
results,  however,  become  insignificant,  yielding  a  critical  ratio  of  i.i  for  the  left 
adrenals  and  0.8  for  the  right. 

The  pancreas  is  heavier  in  absolute  weight  in  the  male,  but  the  relationship  is 
reversed  when  relative  weights  are  taken.  The  differences  are  however  statistically 
insignificant. 

The  absolute  weight  of  the  male  thymus  is  larger  than  that  of  the  female.  This 
high  absolute  mean  for  the  males  is  due  to  the  very  large  thymus  of  chimpanzee 
J^apoleon,  67  gm.,  which  is,  to  our  knowledge,  the  largest  weight  reported  for  any 
species  including  man.  This  animal  has  been  reported  to  have  died  suddenly  follow' 
ing  a  temper  tantrum.  The  abnormally  large  thymus  can  probably  be  counted  as  a 
case  of  ‘status  thymicolymphaticus.’  With  the  inclusion  of  the  value  for  the  thymus 
of  Zasu,  the  mean  relative  weight  of  the  female  is  larger  than  for  the  male,  but  if  the 
value  for  this  very  young  animal  is  omitted,  the  female  thymus  is  slightly  smaller 
than  the  male.  However,  the  data  on  the  thymus  are  also  unreliable  due  to  the  high 
S.D.’s  of  these  values. 

Species  Differences 

In  the  consideration  of  species  differences  only  relative  gland  weights  can  be 
compared  because  of  the  marked  difference  in  mean  body  weights.  For  example,  the 
average  body  weight  of  Cercocebus  (female)  is  4.13  kg.  as  opposed  to  2.75  for  the  fe- 
male  and  2.05  for  the  male  macaques.  For  the  chimpanzee,  the  average  body  weights 
are  much  higher,  being  13.18  kg.  for  the  females  and  17.59  kg.  for  the  males.  For  these 
reasons  absolute  weights  have  been  neglected  in  all  comparisons.  Age  differences  in 
three  groups  are  controlled  only  in  so  far  as  that  can  be  accomplished  by  the  use  of 
relative  organ  weights. 

Cercocebus  and  Macaca.  The  pituitary  is  virtually  identical  in  weight  in  the  two 
genera  (tables  2  and  3).  On  the  other  hand,  thyroid  is  heavier  in  Cercocebus,  the  criti' 
cal  ratio  being  9.2,  while  the  ovary  (critical  ratio  9.8)  and  the  adrenals  are  heavier 
in  Macaca  (critical  ratios  6.7  for  each  adrenal).  There  is  no  doubt  that  these  are  true 
differences.  Although  the  relative  weight  of  the  Cercocebus  thymus  appears  to  be 
nearly  5  times  that  of  the  Macaca,  the  difference  between  the  mean  exceeds  the  stand' 
ard  error  or  difference  only  2.7  times,  which  makes  its  significance  doubtful.  The 
difference  in  pancreatic  weight  is  not  significant  (critical  ratio  0.18),  as  is  apparent 
from  the  high  S.D.’s. 

Macaca  and  Pan.  If  there  is  any  species  difference  in  endocrine  weights  of  pri' 
mates,  one  might  expect  to  find  it  when  comparing  Pan,  belonging  to  family  Pongidae, 
with  Cercocebus  or  Macaca  which  are  both  members  of  the  family  Cercopithecidae. 
However,  the  data  reveal  no  striking  differences.  The  pituitary,  thyroid,  thymus  and 
ovary  show  no  species  differences,  being  closely  similar  in  both  the  mean  and  the 
distribution  (tables  2  and  4).  The  male  pancreas  is  about  33%  and  the  female  41% 
heavier  in  the  Macaca,  but  since  this  is  an  exceptionally  variable  organ  larger  groups 
of  animals  would  be  necessary  to  establish  this  result  as  statistically  significant.  The 
average  testes  weight  of  the  chimpanzees  is  more  than  double  that  of  the  Macaca, 
even  after  the  exceptionally  large  gland  weight  of  the  adult  chimpanzee  ?{apoleon 
is  excluded.  A  critical  ratio  of  4.8  for  the  testes  weight  establishes  this  difference 
as  significant.  In  the  case  of  the  adrenals,  there  appears  to  be  a  species  difference 
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for  both  males  and  the  females  in  favor  of  the  chimpanzee,  even  after  the  exclusion 
of  the  value  for  Zdsu,  which  is  entirely  out  of  the  range,  i.e.,  relative  weight  18  times 
that  of  the  average  for  the  remaining  female  chimpanzees.  But  when  statistically 
treated  these  differences  are  not  significant,  the  critical  ratios  being  1.2,  1.09  for  the 
left  and  1.7,  2.2  for  the  right  adrenals,  respectively. 

It  may  be  concluded  that  except  for  the  testes  our  data  do  not  establish  any 
striking  difference  between  Macaca  and  Pan  in  endocrine  weights. 

Cercocebus  and  Pan.  The  pituitary  is  about  the  same  in  relative  weight  in  the 
two  genera  (tables  5  and  4).  The  thyroid  is  heavier  in  the  Cercocebus  while  the  ovary 
is  considerably  heavier  in  the  chimpanzee,  the  differences  between  the  means  for 
each  gland  being  4.4  times  their  standard  errors.  The  differences  in  pancreatic 
weights  are  insignificant  since  the  S.D.’s  are  so  high.  Although  both  adrenals  of  the 
chimpanzee  appear  to  be  heavier,  the  significance  of  the  differences  are  doubtful 
since  there  are  so  few  cases  in  both  groups  (critical  ratios  2.6  and  3.3  for  the  left 
and  the  right  adrenals,  respectively).  Thymus  gland  of  the  Cercocebus  is  nearly  5 
times  that  of  the  chimpanzee,  but  since  the  difference  between  the  means  exceeds  the 
standard  error  by  only  2.6  times,  its  significance  is  also  doubtful. 

It  may  be  concluded  that  the  ovary  in  the  chimpanzee  and  thyroid  in  the  Cerco- 
cebus  are  heavier,  no  differences  in  pancreatic  and  pituitary  weights  are  exhibited, 
while  adrenals  in  the  chimpanzee  and  thymus  in  the  mangabey  tend  to  be  larger  in 
relative  weight. 

SUMMARY 

To  provide  normal  tables  of  endocrine  gland  weights  for  use  in  experimental 
research,  the  endocrine  series  has  been  weighed  in  50  macaques,  7  mangabey s  and 
17  chimpanzees.  Relating  gland  weight  to  body  weight  enhances,  on  the  whole, 
the  normative  value  of  the  data  as  judged  by  a  decrease  in  the  Pearson  coefficient 
of  variation.  This  procedure  controls  to  some  degree  the  variability  arising  from  age 
differences,  nutritional  status  etc.,  and  is  recommended  for  heterogeneous  primate 
material  of  undertermined  age. 

The  data  are  considered  from  the  point  of  view  of  variability,  sex  differences 
and  species  differences.  The  latter  appear  to  be  largely  a  function  of  difference  in 
body  size;  when  relative  weights  are  compared  the  sex  and  species  variability  is  small 
relative  to  the  variation  between  individuals.  The  variability  of  individuals  within  a 
sex  and  species  category  is  considerable,  a  fact  which  emphasizes  the  need  for  normal 
tables  and  for  more  standardized  primate  forms  for  laboratory  experiments. 
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A  COMPARISON  OF  THE  INTERNA^ 
TIONAL  GONADOTROPIN  STANDARDS' 

FRED  E.  D’ AMOUR  and  MARIE  C.  D’ AMOUR 
From  the  Biological  Research  Laboratories,  University  of  Denver 

DENVER,  COLORADO 

The  health  organization  of  the  League  of  Nations  has  recently  established 
International  Standards,  and  defined  International  Units,  for  the  gonadotropins 
originating  in  pregnancy  urine  and  in  pregnant  mare  serum  (M.  40 — April, 
1939  and  M.  41 — November,  1939).  This  development  will  do  much  to  abolish  a 
deplorable  condition  which  has  prevailed  in  this  field,  namely  the  complete  lack  of 
uniformity  in  assay  methods  and  unitage.  Since  these  standards  are  certain  to  be 
widely  used,  it  seemed  desirable  that  information  be  available  as  to:  a)  the  actual 
biologic  potency  of  the  international  unit  of  each;  b)  a  comparison  of  their  potencies 
over  a  range  of  dosages;  c)  a  comparison  of  various  methods  of  assay  to  determine 
which  method  best  satisfies  established  criteria.  We  have  recently  carried  out  and 
reported  (i)  such  a  study  of  the  PU  gonadotropin;  the  present  study  represents  a 
similar  investigation  of  the  PMS  gonadotropin  and  makes  possible  certain  comparL 
sons  between  the  two. 

METHODS  AND  RESULTS 

Five  responses  to  gonadotropic  activity  were  studied:  the  increase  in  weight  of 
the  seminal  vesicles,  ovaries  and  uteri,  the  degree  of  luteinization  of  ovaries  and  the 
appearance  of  estrus.  Rats  21  days  old  were  used,  injections  were  made  once  per  day 
for  3  days  and  the  animals  killed  at  the  end  of  100  hours.  The  volume  of  each  injection 
was  0.33  cc.  For  PMS,  50  animals  per  group  were  used  on  i  i.u.,  20  animals  per  group 
on  doses  up  to  20  i.u.  and  10  per  group  on  20  or  more  i.u.  A  supply  of  the  standard 
material  was  kindly  supplied  by  Dr.  A.  S.  Parkes,  of  the  Department  of  Biological 
Standards,  National  Institute  for  Medical  Research.  It  is  prepared  in  tablets  weigh' 
ing  approximately  25  mg.,  the  international  unit  is  defined  as  the  specific  gonado' 
tropic  activity  of  0.25  mg.  of  this  standard  material. 

Potency  of  the  international  units.  Table  i  permits  a  comparison  of  the  potencies 
of  I  I.u.  of  each  gonadotropin.  Fifty  rats  were  used  in  each  group.  The  values  for 


PU  differ  a 

little  from  those  previously  reported 

as  the  latter 

were  based 

on  20  ani' 

Table 

1.  Biologic  potency  of  one 

INTERNATIONAL 

UNIT 

Males 

Females 

Group 

Av.  body 

Av.  8.  ves. 

Av.  body 

Av.  ov. 

Av.  ut. 

% 

weight. 

weight. 

weight. 

weight. 

weight. 

estrus 

gtn. 

mg. 

gm. 

mg. 

mg. 

Controls 

ig.i 

6.9 

33.4 

10.6 

15-4 

0 

PU 

27.9 

12.9 

33.0 

II. 3 

85.5 

94 

PMS 

28.4 

11-3 

32.8 

9-3 

71.7 

44 

mals  instead  of  50.  It  will  be  noted  that  by  all  tests  employed  the  potency  of  i  i.u. 
of  the  two  standards  is  nearly  identical,  i  i.u.  of  PMS  is  slightly  less  potent  than 
I  I.u.  of  PU. 

Comparison  of  potencies  over  a  range  of  dosages.  Figures  i  and  2  make  possible  a 
comparison  of  the  potencies  of  the  two  standards  with  increasing  dosages,  the  exact 
values  being  given  in  table  2.  Inspection  of  these  data  brings  to  light  a  fact  which 

*  This  investigation  was  aided,  in  part,  by  a  grant  from  the  Committee  on  Research  in  Endocrinol' 
ogy.  National  Research  Council. 
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must  be  kept  in  mind  in  the  clinical  use  of  these  preparations.  As  stated  above,  the 
potency  of  i  i.u.  of  each  is  about  the  same.  But  as  shown  in  these  graphs,  the  potency 
of  larger  doses,  say  30  i.u.,  is  by  no  means  the  same.  This  dose  of  PMS  produces 
ovaries  in  the  immature  rat  6  times  larger  than  does  the  same  dose  of  PU  (167.3  mg. 
as  compared  to  25.7  mg.).  In  the  male  the  difference  is  not  as  pronounced,  still  8  i.u. 
of  PMS  produces  seminal  vesicles  weighing  30  mg.  as  compared  with  21.7  mg.  with 
8  I.u.  of  PU.  It  is  not  known  to  what  extent  the  action  of  gonadotropins  in  the  human 
being  parallels  their  action  in  the  rat  and  therefore  it  cannot  be  stated  at  what  level 
equal  doses  would  cease  to  have  comparable  effects.  To  whatever  extent  they  are 
comparable,  however,  the  clinician  will  have  to  consider  the  probability  that  at  some 
dosage  levels  he  can  expect  a  similar  degree  of  response  with  either  gonadotropin,  but 
at  higher  dosage  levels  the  degree  of  response,  in  the  female  especially,  will  be  much 
greater  with  a  given  dose  of  PMS  than  with  the  same  dose  of  PU. 

Undoubtedly  the  reason  for  this  difference  in  response  at  high  levels  lies  in  the 
well  established  fact  that  PMS  gonadotropin  is  not  excreted  by  the  kidneys  to  the 
same  extent  as  PU.  Considering  the  ovarian  effect,  it  seems  that  the  difference  in 
excretion  is  of  no  significance  at  levels  below  10  i.u.,  beyond  that,  however,  it  is  of 
great  significance.  In  the  male,  the  assay  was  not  carried  out  beyond  8  i.u.  However, 
one  group  of  10  rats  was  given  20  i.u.  each  (point  not  shown  on  graph)  and  the  aver- 
age  seminal  vesicle  weight  was  found  to  be  32.2  mg.,  which  lies  well  on  a  continuation 
of  the  curve.  In  other  words,  there  is  not,  in  the  males,  the  sharp  upward  trend 
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Table  2.  CkiMPARisoN  op  potencies  with  increased  dosage 
Males 

Dose,  i.u.  Wt.  of  sem.  ves. 

PU  PMS 

mg.  mg. 


1 

12.9 

11-3 

2 

19-3 

— 

a 

— 

21.7 

4 

r 

21.5 

26.7 

7 

8 

21.7 

30.0 

Females 

Dose  in 

Ov’n  weight,  mg. 

Uter'n  weight,  mg. 

% 

in  estrus 

%C. 

L. 

I.u. 

PU 

PMS 

PU 

PMS 

PU 

PMS 

PU 

PMS 

1 

II. 3 

9J 

8y.5 

71.7 

94 

44 

0 

0 

1-5 

— 

1J.6 

— 

120.0 

— 

90 

0 

0 

3 

16.3 

— 

112.8 

— 

100 

— 

0 

0 

5 

— 

17.1 

— 

132.2 

100 

O' 

0 

10 

22.0 

13  1 

100.2 

144.6 

70 

15 

15 

22.6 

71J 

128.7 

90 

50 

20 

— 

87.1 

127. 1 

— 

70 

JO 

iy.7 

167.3 

119.5 

100 

90 

beyond  10  i.u.  which  occurs  in  the  females.  This  may  represent  either  a  limit  in  the 
ability  of  the  seminal  vesicles  (or  in  the  interstitial  cells  of  the  testis)  to  respond  to 
strong  stimuli  or  else  a  difference  in  excretion  between  the  two  sexes.  Uterine  growth 
and  vaginal  estrous  responses  are  maximal  at  low  dosage  levels,  so  the  question  of 
excretion  does  not  apply. 

Since  one  basis  of  comparison  was  the  production  of  corpora  lutea,  it  may  be  well 
to  point  out  that  even  at  the  highest  dose  of  PMS  used,  30  i.u.,  the  degree  of  luteini' 
zation  was  not  great.  Although  90%  of  the  ovaries  contained  corpora  their  number 
on  each  ovary  was  small,  the  weight  increase  being  due  almost  entirely  to  follicular 
development. 

Assay  methods.  In  the  article  concerning  PU  previously  mentioned  (i)  the  point 
was  made  that,  on  the  basis  of  sensitivity,  objectivity  and  simplicity,  an  assay  method 
combining  the  uterine  weight  and  estrous  smear  technics  seemed  most  satisfactory. 
The  data  obtained  in  the  present  study  indicate  that  the  same  method  would  be 
equally  applicable  to  PMS  gonadotropin,  although  the  sensitivity  would  be  slightly 
less.  In  both  cases  the  advantages  would  be:  a)  great  sensitivity  at  low  doses;  b)  use 
of  the  same  animals  for  two  responses;  c)  great  absolute  weight  of  uteri  and  great 
increase  in  their  weight  over  the  controls;  d),  small  amount  of  standard  material 
necessary  for  the  assay.  However,  as  the  report  of  the  Conference  points  out,  it  is 
necessary  that  the  absence  of  estrin  in  the  material  being  assayed  be  assured,  by 
testing  it  upon  castrate  females.  The  international  standard  material  contains  no 
estrin,  30  i.u.  per  rat  having  no  effect.  The  same  fact  would  have  to  be  established 
for  the  material  being  assayed  if  the  uterine  weight-vaginal  smear  method  is  employed. 

SUMMARY 

The  biologic  potency  of  i  i.u.  of  PMS  and  i  i.u.  of  PU  international  standard 
material  is  approximately  the  same,  the  latter  being  slightly  greater. 

The  biologic  potency  of  identical  doses  at  higher  levels  is  not  the  same,  being 
greater  for  PMS.  This  difference  is  especially  marked  in  the  ovarian  response. 

In  assaying  preparations  of  unknown  potency  against  the  international  standard, 
a  combination  of  the  uterine  weight-vaginal  smear  technics  appears  to  be  most  satis¬ 
factory. 
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SPECTROPHOTOMETRIC  STUDIES  OF  THE  m^DINITRO' 
BENZENE  REACTION  WITH  SEX  STEROIDS' 

D.  ROY  McCULLAGH,  I.  SCHNEIDER  and  F.  EMERY 
From  the  Biochemical  Research  Laboratories  of  the 
Cleveland  Clinic  Foundation,  and  from  the 
Harshaw  Chemical  Company 

CLEVELAND,  OHIO 

IN  1935  ZiMMERMANN  (i)  described  a  color  reaction  between  m'dinitrobenzene 
and  several  sex  hormones.  Since  that  time  several  modifications  of  the  reaction 
have  been  described  and  it  has  been  used  for  the  quantitative  determination  of 
excreted  androgens  (2,  3,  4).  We  have  investigated  these  methods  (to  be  reported 
in  another  paper)  and  because  of  the  difficulties  and  discrepancies  which  were 
encountered,  we  have  made  an  extensive  spectrophotometric  investigation  of  the 
reaction. 

For  the  pursuance  of  the  spectrophotometric  studies  the  method  of  Callow  was 
used,  for  of  all  the  methods  it  is  the  most  rigorous  in  regard  to  purity  of  solvent  and 
reagents,  regulation  of  time,  temperature  and  light  and  most  important,  it  gives 
consistently  reproducible  results  with  crystalline  hormones. 

EXPERIMENTAL 

The  steroids^  were  dissolved  in  absolute  alcohol  in  such  concentration  that  the 
maximum  amount  of  substance  used  was  contained  in  0.2  cc.  of  solution.  Lower  con^ 
centrations  were  obtained  by  taking  aliquot  parts  of  the  standard  solution  and 
diluting  to  0.2  cc.  with  alcohol.  The  reagents  were  made  up  according  to  the  direc' 
tions  of  Callow  and  his  procedure  was  followed  throughout  with  the  exception  that 
the  final  dilution  with  alcohol  was  with  a  volume  of  50  cc.  instead  of  one  with  10  cc. 
The  solutions  were  pipetted  into  optically  equivalent  cells  50  mm.  in  length  and 
placed  in  a  General  Electric  spectrophotometer  (5).  This  instrument  automatically  re- 
cords  the  percentage  transmittance  of  that  portion  of  the  spectrum  from  400  milli' 
microns  to  700  millimicrons.  A  slit  width  of  10  millimicrons  is  maintained  throughout. 
The  reagent  blank  and  test  solutions  were  all  run  against  an  alcohol  blank. 

Figures  i  to  4  give  the  typical  curves  for  17'keto  steroids.  The  curves  repre^ 
sented  by  the  solid  lines  are  those  recorded  by  the  spectrophotometer,  the  dotted 
curves  have  been  corrected  for  the  color  produced  by  the  reagent  blank.  This  is 
accomplished  simply  by  dividing  the  percentage  transmission  observed  for  a  reaction 
mixture  by  the  percentage  transmission  observed  for  the  reagent  blank  at  any  given 
wave  length.  The  transmission  values  for  the  corrected  curves  were  calculated  at 
20  m/i  intervals.  It  is  readily  seen  from  the  curves  that  the  colors  produced  by  these 
substances  are  qualitatively  and  quantitatively  almost  identical.  This  means  that  the 
double  bond  in  ring  B  of  dehydroandrosterone,  the  phenolic  structure  of  ring  A  in 

•  Part  of  a  paper  read  before  the  American  Association  for  the  Study  of  Internal  Secretions,  St. 
Louis,  April,  1939. 

*  The  steroids  used  in  this  work  were  furnished  through  the  courtesy  of  Dr.  Erwin  Schwenk  of 
the  Schering  Corporation. 
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estrone  and  the  blocking  of  the  hydroxyl  group  in  ring  A  by  the  ester  linkage  in 
androsterone  benzoate  do  not  alter  the  shape  of  the  curve  observed  for  androsterone 
and  therefore  do  not  appreciably  influence  the  reaction.  These  four  sets  of  curves 
also  demonstrate  that  a),  all  the  ly-keto  steroids  examined  show  a  characteristic 
minimum  in  transmission  at  520  m^,  b),  there  is  no  linear  relation  between  the  con- 
centra tion  of  17'keto  steroid  and  the  percentage  transmission  for  a  given  wave 
length,  for  with  increasing  concentration  of  hormone  there  is  apparently  a  decrease 
in  the  rate  of  compound  formation  c),  the  absolute  values  of  the  transmittance  at  520 
m/i  are  identical  for  androsterone  and  estrone  but  the  values  for  dehydroandrosterone 
appear  to  be  somewhat  more  than  can  be  ascribed  to  experimental  error. 

A  group  of  3'keto  steroids  were  examined,  including  testosterone,  cholestenone, 
methyl  testosterone,  and  pregneninolone.  Figures  5  and  6  show  the  curves  obtained 
for  testosterone  and  cholestenone.  The  curves  for  the  j'keto  steroids  differ  markedly 
from  those  for  the  17'keto  steroids.  They  do  not  show  the  characteristic  minimum  in 
the  520  m/i  region.  The  two  graphs  are  similar,  although  testosterone  tends  to  show 
a  maximum  at  510  m/x  for  lower  concentrations;  however,  both  show  an  increase  in 
general  transmission  with  increasing  wave  length. 

Pregnenolone,  which  is  a  20'keto  steroid,  was  tested  in  the  same  concentration 
as  the  other  compounds.  The  percentage  transmittance  is  shown  in  figure  7.  The 
curve  for  this  compound  exhibits  a  minimum  in  the  500  m/t  region  and  also  differs 
from  the  17'keto  steroids  in  shape  of  curve  as  well  as  in  absolute  value  of 
the  transmission. 

Alpha'estradiol  and  androstenediol,  which  are  not  ketones,  were  tested  to  see 
whether  non'ketonic  steroids  would  give  the  m'dinitrobenzene  reaction.  They  were 
found  to  behave  almost  the  same  as  the  reagent  blank. 

Mixtures  of  synthetic  hormones  were  also  studied,  for  it  has  long  been  known 
that  the  androgens  excreted  by  the  normal  human  male  consisted  almost  entirely 
of  a  mixture  of  androsterone  and  dehydroandrosterone,  and  that  the  testes  elaborated 
hormones  other  than  testosterone;  thus,  it  was  thought  likely  that  a  spectrophoto' 
metric  study  of  extracts  of  blood,  testes  and  urine  might  reveal  the  types  of  hormone 
present. 

Figure  8  shows  a  comparison  of  the  curves  observed  for  individual  steroids  and 
various  steroid  mixtures.  It  is  readily  apparent  that  mixtures  of  androsterone  and 
dehydroandrosterone  behave  almost  exactly  like  an  equal  quantity  of  either  one, 
but  that  mixtures  of  androsterone  and  testosterone  behave  neither  like  a  correspond' 
ing  amount  of  17'keto  steroid  nor  like  the  amount  of  17'keto  steroid  present  in  the 
mixture. 

The  curves  obtained  for  mixtures  of  androsterone  and  testosterone,  corrected 
for  reagent  blank,  are  plotted  in  figure  9.  These  are  compared  with  curves  calculated 
from  the  corrected  experimental  transmission  values  observed  for  the  same  quantities 
of  androsterone  and  testosterone  developed  separately.  These  curves  show  that  the 
presence  of  testosterone  does  not  displace  the  characteristic  minimum  of  androsterone 
and  that  for  mixtures  containing  small  amounts  of  androsterone,  the  calculated  curves 
agree  well  with  the  experimental  curves,  but  that  with  increasing  concentration  of 
androsterone,  the  experimental  curves  show  a  transmission  greater  than  the  calculated 
curves. 

If  we  assume  that  the  inactive  androgens  excreted  in  human  male  urine  are  hemi' 
acetals  of  the  glucuronide  type,®  then  it  would  be  expected  that  extracts  of  unhydro' 

*  This  is  supported  indirectly  by  the  isolation  of  pregnanediol  glucuronide  (6)  and  of  estriol  glucu' 
ronide  (7),  and  directly  supported  by  the  fact  that  alkaline  hydrolysis  does  not  cause  liberation  of  the 
free  hormone  (8). 
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and  1,  507  androsterone  plus  507  testosterone;  curves  J  and  4,  507  androsterone  plus  1257  testosteron* 
7  and  8,  1257  androsterone  plus  1257  testosterone. 
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lyzcd  urine  would  yield  curves  similar  to  those  of  extracts  of  hydrolyzed  urine  from 
a  comparison  of  the  behavior  of  androsterone  and  androsterone  benzoate.  The  colors 
obtained  from  extracts  of  both  hydrolyzed  and  unhydrolyzed  urines  were  very  similar 
although  neither  of  the  curves  simulated  that  of  the  17'keto  steroids.  The  transmis' 
sion  observed  was  less  for  the  unhydrolyzed  urine  extract,  but  this  is  undoubtedly 
due  to  the  fact  that  the  solvent  used  for  the  extraction  of  the  inactive  androgens, 
namely  butanol,  dissolves  a  greater  number  of  impurities  which  may  influence  the 
reaction  than  does  dibutyl  ether,  the  solvent  used  for  the  extraction  of  the  free 
androgens. 

Since  it  is  known  that  testosterone  can  be  extracted  from  fresh  unhydrolyzed 
testis  tissue  and  that  the  residual  testis  tissue  yields  on  hydrolysis  a  biologically 
active  material  (9),  preparations  of  this  nature  were  also  tested.  Extracts  were  pre- 
pared  according  to  the  directions  of  McCullagh  and  included  extracts  of  unhydro' 
lyzed  testis  tissue  gland,  extracts  of  preextracted  and  subsequently  hydrolyzed 
gland,  and  extracts  of  hydrolyzed  whole  gland.  The  curves  obtained,  which  are  not 
given  here,  indicate  that  in  the  extracts  of  preextracted  and  subsequently  hydrolyzed 
tissue,  a  17'keto  steroid  may  be  present,  but  as  in  the  curves  for  urine  extracts  any 
possible  correlation  to  curves  for  synthetic  hormones  is  masked  by  the  impurities 
present. 

Extracts  of  blood  prepared  according  to  the  method  of  McCullagh  and  Osborne 
(10)  were  also  tested,  but  here  again  impurities  so  masked  the  curve  shape  that  it 
was  impossible  to  formulate  any  conclusions. 

DISCUSSION 

Callow  (4)  reported  a  similar  study  using  a  Spekker  absorptiometer  and  Ilford 
“spectrum”  filters.  He  measured  an  absorption  coefficient  at  7  different  points  in 
the  visible  spectrum.  In  that  the  point  of  maximum  absorption  for  17'keto  steroids 
is  in  the  520  m^  region,  we  have  calculated  the  absorption  coefficients  at  this  wave 
length  for  the  compounds  studied  from  the  formula  I  =  loc”'**,  where  lo  and  I  are  the 
intensities  of  the  light  entering  and  transmitted  by  a  thickness  I  of  the  substance,  and 
ju  is  a  constant  which  is  known  as  the  absorption  coefficient  of  the  substance.  The 
calculated  values  are  listed  in  table  i.  Since  our  values  are  calculated  from  readings 
obtained  from  a  spectrophotometer  having  a  slit  width  of  10  m/i  and  those  of  Callow 
from  an  instrument  which  requires  a  filter  having  a  range  of  transmission  of  50  to 
60  m/i  and  whose  scale  does  not  read  the  theoretical  value  of  the  absorption  coefi' 
cient,  it  is  not  surprising  that  our  absolute  values  do  not  agree,  although  the  relative 
values  are  in  satisfactory  agreement.  While  this  work  was  in  progress,  Langstroth 
and  Talbot  (ii,  12)  published  similar  studies.  They  calculated  the  extinction  K, 
which  they  defined  by  the  equation  Kl  =  log  i'/i,  where  i'  and  i  represent  respectively 
the  intensities  of  light  transmitted  through  a  thickness  I  of  the  blank  and  test  solu' 
tions.  We  have  calculated  values  of  K  using  this  equation  and  they  are  listed  in  the  last 
column  of  table  i.  Due  to  differences  in  experimental  procedure,  the  absolute  values 
of  K  for  androsterone,  testosterone  and  dehydroandrosterone  are  not  comparable 
to  those  obtained  by  Langstroth  and  Talbot.  We  found,  however,  that  if  we  plotted 
values  for  KX/KB20m^  for  the  17'keto  steroids  against  wave  length,  we  obtained  a 
curve  almost  identical  with  thatobtained  by  them  for  androsterone. 

The  color  produced  by  the  reaction  between  the  Zimmermann  reagents  and  the 
steroids  is  dependent  upon  the  position  of  the  chromogenic  ketonic  group  in  the 
molecule.  Therefore,  it  might  be  anticipated  that  all  the  17'keto  steroids  react 
similarly,  and  quite  differently  from  the  j'keto 'steroids.  In  using  this  procedure  for 
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Table  i.  Absorption  coefficients 


Ckinc.,  y 

I/Io  620  niM 

Observed 

Corrected 

ly'ljeto  steroids 


I 


Androsterone 

50 

Mm 

0.626 

0.094 

0.041  l, 

115 

0.272 

0. 260 

0.113  j 

150 

0.091 

0.479 

0.208  f 

Dehydroandrosterone 

50 

0.J14 

0.625 

0.094 

0.041 

115 

0.167 

0.551 

0.221 

0.0^ 

150 

0.06J 

0.  125 

0.417 

0.181  ' 

Estrone 

50 

0.J12 

0.614 

0.097 

0.042 

115 

O.IJ9 

0.274 

0.258 

0.112  I 

150 

0.04J 

0.085 

0.495 

0.214  ^ 

Androsterone  benzoate 

50 

0.J66 

0.720 

0.067 

0.029 

125 

0. 186 

0.565 

0.206 

0.088 

250 

0.07J 

0.145 

0.J89 

0.169 

3'lfeto  steroids  | 

Testosterone 

50 

0.445 

0.030 

0.013  j 

125 

0.547 

0.67J 

0.078 

0.034 

250 

0.2JJ 

0.450 

0.159 

0.069  )' 

Cholestenone 

50 

0.412 

0.800 

0.044 

0.019  M 

115 

0.554 

0.647 

0.0^ 

0.038 

150 

0.208 

0.404 

0. 182 

0.079 

Methyl  testosterone 

50 

0.440 

0.865 

0.030 

0.013  J 

0.044  ! 

115 

O.J05 

0.600 

0.  lOl 

250 

0.28J 

0.555 

0. 117 

0.051  ;j 

Pregneninolone 

50 

0.458 

0.890 

0.023 

0.010  j 

115 

0.505 

0.6J2 

0.092 

0.040  i 

250 

0. 256 

0.5JO 

0.  127 

0.055  1 

20'\eto  steroid 

Pregnenolooe 

50 

0.454 

1  0.87J 

0.028 

0.012 

125 

0.585 

0.7J7 

0.062 

0.027 

1  250 

0.J50 

1  o.6j5 

0.090 

0.039 

the  analysis  of  pure  compounds  in  solution,  it  is  possible  to  differentiate  between  the 
two  groups,  but  not  between  members  of  a  group.  The  curves  reported  in  this 
paper  cover  only  the  visible  range  of  the  spectrum.  In  this  range  it  is  extremely 
difficult  to  differentiate  between  17'keto  steroids  and  mixtures  of  i7-'keto  steroids  and 
3'keto  steroids,  because  of  the  similarity  between  the  curves.  This  is  illustrated  by 
figure  9.  According  to  the  results  of  Langstroth,  the  differences  are  much  more 
definite  in  the  region  below  400  m/x. 

The  20'keto  steroids  give  a  color  differing  from  that  for  i74eto  steroids,  not  only 
in  position  of  the  minimum,  but  also  in  total  percentage  transmission.  The  diols  give 
no  color  with  the  reagent  which  is  a  fact  that  should  be  borne  in  mind  in  using  this 
test  for  the  determination  of  androgens  in  biological  material. 

Table  2  gives  absorption  coefficients  calculated  from  the  curves  for  mixtures  of 
androsterone  and  testosterone.  The  values  correspond  closely  to  those  calculated 
by  adding  the  absorption  coefficient  obtained  from  the  curves  for  the  individual 
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hormones.  From  this  data  there  seems  to  be  no  indication  that  the  reaction  between 
the  reagents  and  testosterone  interferes  with  the  reaction  between  the  reagents  and 
androsterone.  Of  the  four  mixtures  tested,  only  the  last  in  the  table  showed  a  dif' 
ference  of  any  consequence  between  the  two  values.  We  are  more  prone  to  consider 
this  one  reading  an  experimental  error  than  a  significant  result.  Langstroth  and  Talbot 
expressed  the  opinion  that  under  the  condition  of  their  experiments  testosterone 
interferes  with  the  reaction  between  androsterone  and  dinitrobenzene.  It  seems 
that  this  point  requires  further  investigation. 

Table  1.  Absorption  coefficients  for  steroid  mixtures 


Andro- 
stcrone 
cone.,  7 

Testo¬ 
sterone 
cone.,  7 

I/l0S20n>M 

M 

510 

K  S20inM 

Experimental 

Calculated 

for 

mixture 

obs. 

calc. 

obs. 

calc. 

Observed 

Corrected 
for  blank 

50 

50 

0.273 

0.525 

0.540 

0. 119 

0.  114 

0.056 

0.054 

50 

115 

0.228 

0.438 

0.410 

0. 166 

0. 168 

0.071 

0.075 

115 

50 

0.135 

0.255 

0.235 

0.274 

0.190 

0. 119 

0. 126 

115 

115 

0.  Ill 

0.232 

0. 180 

0.191 

0.345 

0. 117 

0.149 

The  investigation  of  blood,  testes  and  urine  extracts  was  somewhat  disappointing 
in  that  it  revealed  that  with  present  methods  of  extraction  the  preparations  contained 
so  many  impurities  that  the  curves  could  not  be  interpreted.  Therefore,  at  present 
for  clinical  purposes,  the  spectrophotometer  offers  no  advantage  over  the  photO' 
electric  colorimeter.  However,  in  attempts  at  isolation  of  ketonic  steroids  from  nat¬ 
ural  sources,  it  could  be  of  definite  value  in  the  determination  of  type  of  steroid. 

SUMMARY 

Spectrophotometric  curves  have  been  obtained  of  the  color  produced  by  the 
reaction  of  m-dinitrobenzene  and  the  following  steroids:  androsterone,  dehydro- 
androsterone,  estrone,  androsterone  benzoate,  testosterone,  methyl  testosterone, 
cholestenone,  pregneninolone,  pregnenolone,  alpha-estradiol  and  androstenediol. 

A  similar  study  was  made  on  extracts  of  human  male  blood,  bovine  testis  tissue 
and  normal  human  male  urine.  These  curves  could  not  be  related  to  those  observed 
using  pure  steroids. 

The  curves  for  the  17-keto  steroids  were  qualitatively  and  quantitatively  almost 
identical.  Similarly,  the  curves  for  the  3-keto  steroids  were  all  very  similar  but  dif¬ 
fered  markedly  from  the  17-keto  steroids.  Pregnenolone,  a  20-keto  steroid,  was  again 
different  in  that  it  showed  a  similar  reaction  to  the  17'keto  steroids,  but  differed 
markedly  in  total  transmission.  The  non-ketonic  diols  did  not  react  with  m-dinitro- 
benzene.  The  significance  of  these  findings  is  discussed. 
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OVARIES  SECRETE  MALE  HORMONE 


V,  A  COMPARISON  OF  SOME  SYNTHETIC  ANDROGENS  WITH 
THE  NATURALLY  OCCURRING  OVARIAN  ANDROGEN  IN  MICE^ 

R.  T.  HILL  AND  M.  T.  STRONG 
From  the  Department  of  Anatomy,  Indiana  University,  School  of  Medicine 

BLOOMINGTON,  INDIANA 

IN  VIEW  of  the  many  recent  studies  (1-12)  concerning  androgenic  substances  which 
derive  from  ovaries  it  becomes  of  increasing  interest  and  importance  to  learn 
something  of  the  identity  of  those  materials.  Hill  and  Strong  (8)  decided  that 
ovarian  and  testicular  androgens  were  similar  physiologically  but  probably  of  a  differ- 
ent  chemical  nature.  Deanesly  (11),  from  similar  experiments  with  rats,  likewise  con¬ 
cludes  that  grafted  ovaries  do  not  produce  an  androgen  chemically  identical  with 
that  liberated  by  the  testis.  At  present  it  seems  that  any  amount  of  androgen  which 
might  be  produced  by  mouse  ovaries  would  be  of  quantities  so  minute  as  to  preclude 
any  chemical  analysis.  Until  some  means  of  making  such  a  chemical  analysis  is 
available  we  must  be  content  with  a  probably  less  accurate  physiological  test.  We 
herewith  present  data  which  show  some  similarities  and  differences  demonstrable 
in  the  action  of  ovarian  and  synthetic  androgens. 

EXPERIMENTAL 

The  mice  used  in  these  experiments  were  all  of  the  same  strain,*  and  were  young 
adults  from  60  to  100  days  of  age  at  the  outset  of  each  series  of  injections.  Further¬ 
more,  they  were  of  the  same  genetic  strain  as  used  by  the  authors  in  previous  studies 

(5-8). 

All  the  animals  to  be  used  in  a  series  of  injections  were  castrated  at  one  time  and 
were  routinely  allowed  to  remain  ai  to  28  days  after  castration  before  injections  were 
started.  The  animals  were  divided  into  groups  of  5  to  10  individuals  for  injection 
purposes.  Several  groups  were  carried  through  the  experiments  at  the  same  time,  each 
group  receiving  a  different  hormone,  or  different  amounts  of  the  same  hormone  for  a 
varying  number  of  days.  All  injections  were  given  subcutaneously,  and  of  a  constant 
volume  of  0.05  cc.  in  a  medium  of  oil. 

A  group  of  animals  was  given  0.125  mg.  of  testosterone*  on  alternate  days  for 
10  days;  a  similar  group  received  like  treatment  for  20  days.  The  combined  weights  of 
seminal  vesicles  and  prostates  at  the  end  of  the  injections  averaged  32  mg.  and  53  mg., 
respectively  (fig.  i,  curve  A).  In  2  other  groups  of  animals,  with  the  same  amount  of 
material  per  daily  injection  for  10  and  20  days,  the  accessory^  weights  averaged 
77  mg.  and  234  mg.  (fig.  i,  curve  B).  The  increase  in  accessory  growth  in  the  latter 
groups  is  very  significant,  and  probably  approximates  the  maximum  rate  of  growth  for 
the  amount  of  material  given. 

*  This  study  has  been  made  possible  by  grants  to  R.  T.  Hill  from  the  American  Philosophical 
Society,  and  from  the  Graduate  School  of  Indiana  University  through  Dean  F.  Payne. 

*  All  mice  used  were  of  CHI  inbred  strain  from  the  laboratory  of  Dr.  L.  C.  Strong. 

’  The  androgenic  compounds  and  the  progynon-B  used  in  these  experiments  were  kindly  furnished 
by  The  Sobering  Corporation  through  the  courtesy  of  Drs.  Schwenk,  Gilbert,  and  Whitman. 

*  The  term  'accessories’  is  here  used  to  denote  seminal  vesicles  and  prostate  combined. 
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The  injections  of  androstenedione  and  dehydroandrosterone  benzoate  gave  only 
very  slight  growth  of  accessories,  except  in  the  daily  injected  series  of  androstene- 
dione  (fig.  2). 

The  injections  of  testosterone  propionate  (0.125  mg.)  on  alternate  days  caused  a 


f: 


Fig.  1. 


Fig.  2.  Hollow  squares  indicate  0.0625  mg-  dehydroandrosterone 

BENZOATE  DAILY.  Fig.  J. 

very  remarkable  growth  of  the  castrate  accessories  over  periods  of  5,  10,  15  and  20 
days  resulting  in  accessory  weights  of  78,  115,  175  and  251  mg.,  respectively  (fig.  3, 
curve  B).  The  curve  for  20  days  proved  to  be,  in  effect,  a  straight  line  growth,  and 
for  the  purposes  of  the  present  experiment  the  injections  were  not  carried  on  for  a 
longer  period.  Since  it  is  known  (6)  that  grafted  ovaries  secrete  male  and  female 
hormones  simultaneously,  and  since  a  very  rapid  straight  line  growth  was  obtained 
by  injections  of  testosterone  propionate,  it  was  decided  that  a  female  sex  hormone 
should  be  injected  along  with  the  injected  male  hormone.  This  was  done  by  diluting 
the  testosterone  propionate  with  progynon-B,  so  that  each  injection  of  0.05  cc.  carried 
0.125  mg.  of  the  androgen  and  1250  i.u.  of  the  estrogen.  Four  groups  of  10  animals 
each  were  injected  with  this  mixture  for  periods  of  5,  10,  15  and  20  days,  and  the 
response  was  accessories  of  62,  116,  131  and  120  mg.,  respectively  (fig.  3,  curve  A). 

DISCUSSION 

Three  curves  are  shown  in  figure  4.  The  d^h  line  represents  the  stasis  point  of 
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accessory  growth  in  normal  male  mice  of  the  strain  used  in  these  experiments.  Curve 
A  represents  the  growth  of  male  accessories  as  a  result  of  an  androgen  secreting  ovary 
being  grafted  into  the  ear  of  a  castrate  male.  In  curve  B  is  represented  the  accessory 
response  when  androgen  secreting  ovaries  are  grafted  into  the  ears  of  normal  males 
(data  from  Hill  and  Strong,  8). 

During  this  series  of  experiments  it  was  hoped  that  by  the  injection  of  synthetic 
androgens  an  accessory  growth  rate  might  be  obtained  which  would  present  essen^ 
tially  the  same  characteristics  as  are  found  to  follow  accessory  growth  from  an 
androgen  secreting  ovary.  An  ovary,  although  androgenic  when  in  a  cool  environ- 
ment,  also  retains  its  estrogenic  activity,  as  shown  by  mammary  gland  response  (6). 
Thus  we  see  it  can  and  does,  under  special  conditions,  carry  on  a  pronounced  dual  ac¬ 
tivity — male  and  female.  Because  of  this  dual  action  of  the  ovary,  and  because  of  the 


probable  complete  lack  of  true  estrogenic  activity  of  testosterone  propionate  and  its 
strongly  positive  effect  on  growth  of  male  accessories,  it  was  decided  to  add  an 
estrogen  to  this  particular  androgen  for  injection  purposes.  The  results  are  shown  in 
figure  5,  curve  A.  A  straight  line  curve  was  not  obtained,  but  rather  a  very  smoothly 
expanding  curve  which  ends  in  a  gentle  plateau  at  about  20  days  following  the  onset 
of  injections.  Superimposed  on  this  curve  (fig.  5,  curve  B)  is  the  curve  showing  acces¬ 
sory  growth  response  as  a  result  of  androgenically  active  ovaries.  Little  doubt  re¬ 
mains  that,  with  trial  and  error  experimentation  as  to  dosage  and  time,  a  growth 
curve  could  be  obtained  from  mixtures  of  progynon-B  and  testosterone  propionate 
which  would  be  an  exact  duplicate  of  the  ovarian  androgen  curve,  biological  variation 
notwithstanding. 

We  do  not  contend  that  ovarian  androgens  bear  a  chemical  identity  with  testicu¬ 
lar  androgens  (8).  Testosterone  can  be  extracted  directly  from  the  testis,  and  the  addi¬ 
tion  of  a  propionic  acid  radical  causes  a  slower  and  more  uniform  rate  of  utilization 
when  injected  into  an  organism.  Thus,  the  greater  response  of  accessory  growth  to 
testosterone  propionate  over  testosterone  is  accounted  for.  When  the  straight  growth 
curve  caused  by  testosterone  propionate  injection  (fig.  5,  curve  C)  is  caused  to  plateau 
by  the  addition  of  an  estrogen  (fig.  5,  curve  A)  a  curve  is  obtained  very  similar  to  that 
elicited  by  androgenic  ovaries  (fig.  5,  curve  B),  which  themselves  are  producing 
androgen  and  estrogen  simultaneously.  These  experiments  admit  a  suggestion  con¬ 
cerning  the  possible  antagonism  or  inhibition  of  one  sex  hormone  upon  another.  No 
explanation  of  such  relationship  can  be  deduced  from  these  experiments,  although 
Moore  and  Price  (13)  state  that  in  the  rat  no  such  antagonism  exists.  However, 
within  limits  these  data  indicate  a  physiological  response  to  ear  grafted  ovaries  which 
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is  similar  to  that  produced  by  the  injection  of  testosterone  propionate  plus  an  estro' 
gen. 

SUMMARY 

A  comparative  study  is  made  of  the  growth  curve  obtained  on  castrate  male 
mouse  accessories  by  the  use  of  ovarian  androgens  as  obtained  from  ear  grafts,  and 
the  injection  of  several  synthetic  androgens.  The  data  presented  point  to  the  growth 
curve  of  accessories  resulting  from  injections  of  testosterone  propionate  plus  progy- 
non-B  as  being  essentially  identical  with  that  obtained  as  a  result  of  grafted  andro¬ 
genic  ovaries.  The  physiological  similarity  exists  although  the  chemistry  of  the 
ovarian  principle  remains  unknown. 
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BLOOD  CALCIUM  LEVELS  OF  THE  FOWL 
FOLLOWING  INJECTIONS  OF  THEELIN' 

T.  B.  AVERY,  H.  M.  SCOTT  and  R.  M.  CONRAD 
From  the  Kansas  Agricultural  Experiment  Station 

MANHATTAN,  KANSAS 

Riddle  and  dotti  (i)  reported  that  sufficient  and  prolonged  doses  of  certain 
female  sex  hormones,  notably  theelin  and  to  a  lesser  degree  dihydrotheelin 
^  and  theelol  progestrone,  increased  the  serum  calcium  in  normal  castrate 
hypophysectomized,  thyroidectomized  pigeons  and  in  normal  doves  and  fowl. 
Progynon  in  doses  of  200  r.u.  per  day  for  7  days  increased  the  blood  calcium  from 
9  to  22  mg./ 100  cc.  of  blood  in  hypophysectomized  pigeons.  The  response  of  the 
rat  and  dog  was  not  so  conclusive.  Further  work  (2)  has  indicated  that  the  sex  hor- 
mones  vary  in  their  ability  to  induce  hypercalcemia.  Theehn  and  dihydrotheelin 
benzoate  gave  the  most  significant  increases  in  both  sexes  of  mature  and  immature 
fowl.  The  greatest  increases  were  recorded  following  the  administration  of  2000 
R.u.  per  day  for  a  period  of  7  days.  Levin  and  Smith  (3)  studied  the  blood  calcium 
level  of  rats,  rabbits  and  monkeys  before  and  after  the  administration  of  estrogen  and 
while  significant  increases  were  observed  when  huge  doses  were  injected  into  rabbits, 
the  increment  was  not  sustained  even  though  treatments  were  continued.  They  there' 
fore  questioned  the  physiologic  significance  of  the  female  sex  hormone  in  this  role. 
Zondek  and  Marx  (4)  reported  blood  calcium  values  as  high  as  55.3  mg.  in  cocks 
which  had  received  estradiol  benzoate  for  an  extended  period. 

Altmann  and  Hutt  (5)  have  reported  positive  results  in  the  fowl  following  the 
administration  of  either  progynon'B  or  estrone.  Intramuscular  injections  of  1400 
R.U.  of  estrone  given  over  a  14'day  period  resulted  in  a  64%  increase  of  blood  calcium 
on  the  i6th  day  over  the  control  period.  However,  they  also  report  a  quick  return 
to  the  pre-injection  level  even  though  the  dosages  were  continued.  Landauer, 
Pfeiffer,  Gardner  and  Man  (6)  have  recently  reported  that  the  blood  calcium  level 
of  cocks,  6  to  7  months  of  age  (weight  not  given),  varied  between  11.04  78 

mg./ 100  cc.  when  injected  daily  with  4600  i.u.  or  more  of  estradiol  benzoate.  Control 
values  ranged  from  8.96  to  9.61  mg. 

EXPERIMENTAL 

Molting  hens.  Five  molting  hens  (2  kg.)  were  injected  intramuscularly  with  85 
R.u.  of  theehn  (Parke,  Davis)  per  kg.  of  body  weight  per  day  for  9  days,  and  255 
R.u.  per  kg.  daily  for  the  remaining  6  days  or  a  total  of  2295  r.u.  per  kg.  for  the 
15  days.  Seven  blood  samples  for  analysis  were  taken  at  intervals  during  the  15'day 
period.  The  results  are  summarized  in  table  i. 

The  data  show  that  blood  Ca  increased  in  both  groups  of  birds  over  the  15'day 
period  and  that  the  average  increase  of  the  controls  exceeded  that  of  the  theelin- 
injected  group.  Although  the  values  were  indicative  of  the  non-laying  condition 
when  the  experiment  was  initiated  and  the  birds  were  paired  accordingly,  it  is 

*  Contribution  No.  i  ji,  Department  of  Poultry  Husbandry  and  No.  lyi.  Department  of  Chemistry. 
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Table  i.  Effect  of  injections  of  theelin  on  blood 

CALCIUM  OF  MOLTING  HENS 

Days  after  injection  - 

Mg.  Ca/100 

cc.  of  blood 

Control  birds 

Experimental  birds 

0 

13-63 

14.48 

2 

18.34 

17.77 

4 

22.27 

22.21 

6 

iy-79 

22.10 

9 

22.55 

16.00 

13 

13-13 

20.80 

16 

22.07 

18.01 

evident  that  all  birds  had  rapidly  approached  the  hying  condition  during  the  course 
of  the  injection  period.  This  unpredictable  rapid  increase  in  blood  Ca  lessens  the 
value  of  the  molting  hen  for  this  type  of  work  and  points  to  the  futility  of  comparing 
values  before  and  after  treatment  in  one  and  the  same  bird. 

Immature  pullets.  Ten  control  and  10  experimental  immature  Leghorn  pullets 
(14  weeks  old)  averaging  0.8  kg.  body  weight  were  paired.  Two  control  bleedings 
for  blood  Ca  analysis  were  taken,  the  first  one  4  days  before  injections  started,  and 
the  second  just  in  advance  of  the  initial  injection.  Experimental  birds  were  injected 
subcutaneously  every  second  day  with  250  r.u.  (125  r.u.  per  day)  of  theelin  (Parke, 
Davis)  per  kg.  of  body  weight  for  14  days.  Per  unit  of  weight  this  was  nearly  twice 
the  amount  injected  by  Altmann  and  Hutt  (5),  who  reported  a  rise  in  blood  Ca  fob 
lowing  injections  over  a  14'day  period  of  1400  r.u.  of  theelin  into  immature  pullets. 
Blood  Ca  samples  were  taken  every  third  day  following  initial  injections. 

Because  no  apparent  rise  in  blood  Ca  had  been  noted  by  the  15th  day,  the  dosage 
for  9  birds  was  increased  to  1000  r.u.  per  kg.  per  day  for  4  additional  days.  One 
experimental  bird  was  injected  with  1000  r.u.  per  kg.  of  body  weight  for  4  days 
plus  an  additional  6000  r.u.  daily  for  2  of  the  4  days. 

The  results  recorded  in  table  2  show  that  injections  totaling  1750  r.u.  of  theeUn 
for  14  days  over  a  15'day  period  (125  R.u./kg./day)  did  not  alter  the  blood  Ca  level 
of  immature  pullets.  However,  when  massive  doses  (1000  r.u.  daily  for  4  days) 
were  injected  into  pullets  that  had  previously  received  1750  r.u.  of  theelin  over  a 
i5'day  period,  there  was  a  distinct  rise  in  the  blood  Ca  level,  but  in  no  case  did  the 
increase  approach  that  of  the  laying  hen.  When  larger  dosages  (6000  r.u.  daily  for 
2  days)  were  given  there  was  no  further  increase  in  the  blood  Ca  level.  Blood  Ca 


Table  2.  Effect  of  continued  doses  of  theelin  on  the  blood  calcium  of  immature  pullets 


Days  from 
initial 
injection 

Controb 

Experimentab 

No. 

in 

expt. 

Mg.  Ca 
per  100  cc. 
blood 

No. 

in 

expt. 

Total  R.u. 
theelin/kg. 
body  weight 

Mg.  Ca 

per  100  cc.  1 

blood  1 

-4 

9-94 

10 

0 

9-97 

0 

9-63 

10 

0 

9-53 

3 

7.91 

10 

250 

8.06 

6 

8.08 

10 

625 

8.52 

9 

8.50 

10 

1000 

10.25 

12 

8.47 

10 

1375 

9-03 

I? 

8.55 

10 

1750 

9-63 

19 

7.88 

9 

5750 

14.98 

19 

7-53 

1 

17750 

15.25 

21 

6 

8.60 

6 

5750 

10.98 

ly 

6 

7.64 

6 

5750 

9-78 
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values  were  also  observed  to  have  approached  their  former  level  6  days  after  the 
final  injection.  Transverse  sections  of  the  oviducts  of  the  3  experimental  birds 
examined  at  the  conclusion  of  the  experiment  showed  a  marked  increase  in  the  size 
of  the  folds  of  the  magnum  as  compared  with  the  controls. 

Immature  (jullets.  Twelve  crossbred  pullets  approximately  12  weeks  of  age  and 
averaging  0.7  kg.  were  paired  in  3  groups  of  2  each  and  one  control  group  of  6.  The 
3  experimental  groups  were  injected  with  500,  1000  and  2000  r.u.  of  theelin/kg./ 
day,  respectively,  over  a  period  of  31  days.  Calcium  analyses  were  made  every  third 
day  as  recorded  in  table  3.  Sharp  increases  in  blood  Ca  were  observed  for  the  3  dos- 


Table  j.  Effect  of  varying  dosages  of  theelin  on  the  blood  calcium  level  of 

IMMATURE  PULLETS  (mG.  Ca  PER  100  CC.  OF  BLOOd) 


Days 


1 

4  ! 

1  7 

1  1 

■J  1 

16 

i  ‘9  1 

I  »» 

15  1 

18 

31 

Control  (6)  | 

8.7a 

10.51 

9-40 

1 

9.01 

8.gi 

8.65  1 

8.07 

8.13 

8.45 

9.18 

foo  R.u.  (1) 

10.15 

10. QO 

ia.55 

9.90  ' 

10.05 

8.70 

9.30  ! 

'  8.20 

7-90  1 

8.90 

9.80 

1000  R.U.  (i) 

8.65 

10.55 

14.10 

'  9.60 

9.  10 

8-J5 

9.ao  j 

8.40 

8.15 

9.35 

10.30 

1000  R.u.  (a) 

S.Sy 

12.70 

19.10 

11.30 

14-75 

15.75 

16.90  1 

»3-35 

19.30 

34-10 

40.00 

age  levels  on  the  7th  day  which  was  followed  by  a  rapid  decline  on  the  loth  day. 
Thereafter,  the  two  groups  receiving  500  and  1000  R.u./kg.  maintained  blood  Ca 
levels  which  simulated  those  of  the  control  group.  The  blood  Ca  level  of  the  group 
receiving  2000  R.u./kg.  rose  steadily  to  40  mg.%  on  the  31st  day  when  the  experi' 
ment  was  terminated.  The  level  for  this  group  after  the  19th  day  was  equal  to  or 
greater  than  values  reported  for  laying  hens  but  it  is  interesting  to  note  that  the  rela' 
tive  weight  of  the  oviducts,  although  much  greater  than  that  of  the  control,  falls 
far  below  that  of  laying  hens  which  is  in  the  order  of  magnitude  of  2.24%.* 


Table  4.  Relative  weight  of  oviducts  of  immature  pullets  receiving  varying  dosages  of  theelin 


R.u./kg. 

Body 

weight 

Ovary 

weight 

Oviduct 

weight 

Relative 

oviduct 

weight 

gm. 

gm. 

gm. 

None 

800 

0.20 

0. 10 

O.OI 

Immature 

500 

787 

0.20 

o.6y 

0.08 

pullets 

1000 

811 

0.20 

2.15 

0.26 

aooo 

787 

0.25 

6.75 

0.86 

Laying  hens 

- 

1656 

- 

57-03 

2.24 

SUMMARY 

Intramuscular  injections  of  2295  r.u.  of  theelin  per  kg.  of  body  weight  over  a 
i5'day  period  failed  to  increase  significantly  the  blood  Ca  level  of  molting  hens. 
Altmann  and  Hutt  (5)  reported  that  injections  of  1400  r.u.  of  estrone  (theelin) 
into  immature  pullets  (1.43  kg.,  100  days  old)  over  a  14'day  period  resulted  in  an 
increase  in  blood  Ca  on  the  i6th  day  to  16.8  mg.,  a  level  64%  higher  than  in  the  same 
birds  prior  to  time  of  initial  injection.  The  experiments  reported  herein  indicate  that 
1750  R.u.  of  theelin  per  kg.  of  body  weight  injected  into  immature  pullets  (0.8  kg.) 
over  a  15'day  period  had  no  effect  upon  the  blood  Ca  level,  but  when  larger  doses 
(5750  R.u.  per  kg.)  were  injected  over  a  19'day  period  blood  Ca  levels  were  sig' 

*  Unpublished  data  on  the  average  body  and  oviduct  weights  of  70  White  Leghorn  pullets  killed 
at  a  definite  stage  of  the  egg  cycle  so  that  the  accumulation  of  white  would  be  reduced  to  a  minimum. 
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nificantly  increased.  The  control  birds  averaged  7.88  mg.  Ca  and  the  experimentals 
14.98  mg.  Ca  per  100  cc.  of  blood  at  the  end  of  this  19'day  period.  When  these 
massive  dosages  of  theelin  were  discontinued,  the  blood  Ca  in  the  experimentals 
returned  to  normal  levels  within  6  days. 

Five  hundred  and  1000  R.u./kg.  resulted  in  a  transitory  increase  in  blood  Ca  on 
the  7th  day  which  was  followed  by  a  return  to  the  normal  level  on  the  loth  day. 
The  blood  Ca  of  pullets  receiving  2000  R.u./kg./day  increased  from  8.9  to  19.2 
mg./ioo  cc.  of  blood  on  the  7th  day,  declined  to  12.3  mg.  on  the  loth  day  and  then 
increased  progressively  to  40  mg./ 100  cc.  of  blood  on  the  31st  day. 
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THE  INFLUENCE  OF  ESTRADIOL  ON  THE  SOCIAL 
ORGANIZATION  OF  FLOCKS  OF  HENS' 

W.  C.  ALLEE  AND  NICHOLAS  COLLIAS 

From  the  Whitman  Laboratory,  University  of  Chicago 

CHICAGO,  ILLINOIS 

IT  IS  NOW  KNOWN  that  many  different  species  of  birds  have  a  more  or  less  definite 
intra'flock  organisation.  Apparently  this  is  based  on  individual  recognition  and 
differential  behavior.  Detailed  discussions  of  some  of  the  problems  involved 
may  be  found  in  the  literature  (1-9). 

At  present  we  are  concerned  with  an  analysis  of  certain  of  the  physiological  and 
psychological  factors  which  underlie  the  establishment  and  maintenance  of  this  social 
order  in  flocks  of  White  Leghorn  hens.  The  program  we  are  following  was  outlined 
by  Allee  (10);  a  preliminary  report  of  the  present  work  (ii)  and  a  detailed  statement 
of  the  positive  results  produced  by  injections  of  testosterone  propionate  has  already 
appeared  (12).  This  last  paper  should  be  consulted  for  many  details  of  procedure 
including  housing  and  treatment  of  the  birds  and  general  methods  of  observation 
and  experimentation. 

The  social  order  in  flocks  of  the  common  domestic  fowl  is  established  primarily 
as  a  result  of  initial  contact  reactions  between  any  given  pair  of  the  flock,  which  may 
result  in  actual  combat,  or  one  of  the  birds  may  give  way  passively.  The  social  order 
of  hens,  once  established,  tends  to  be  highly  stable  and  is  reversed  or  rearranged 
only  under  exceptional  conditions.  One  evidence  of  superiority  in  the  social  scale 
is  found  in  the  right  of  certain  birds  to  peck  others  without  being  pecked  in  return. 
Hence  a  dominant  bird  is  said  to  have  the  peck-right  over  its  subordinates. 

We  have  used  only  White  Leghorn  hens  in  our  experiments.  They  were  housed 
in  pens  14.5  X  5  ft.  floor  space  and  8  ft.  high.  The  pens  were  lighted  by  south  windows 
and  overhead  lights.  They  were  cared  for  by  the  junior  author®  who  also  made  the 
primary  observations.  The  general  care  and  feeding  closely  approximated  standard 
conditions  for  Dr.  Domm’s  neighboring  and  much  larger  colony.  The  following  flocks 
were  used  in  these  tests. 

Flock  A6  was  composed  of  6  hens,  4  of  which  were  top-crossed  birds  furnished  by 
Professor  N.  F.  Waters  of  Iowa  State  College.  These  4  were  approximately  20  months  old 
when  our  present  treatment  began.  The  other  2  were  older  hens  which  had  originally  been 
members  of  /lock  Di. 

Flock  B2  included  6  of  the  Iowa  State  College  inbred  strain  (13)  which  were  9  to  ii 
months  old. 

Flock  Di  was  made  up  of  9  aged  hens  which  had  been  in  our  laboratory  for  about  2  months 
and  were  being  used  in  an  injection  experiment  for  the  first  time.  They  were  from  an  Indiana 
flock  that  had  been  line  bred  for  18  years. 

‘  This  work  has  been  supported  in  part  by  a  grant  from  the  Committee  on  research  in  endocrinology 
of  the  National  Research  Council.  We  are  indebted  to  Professor  F.  C.  Koch  and  to  Dr.  L.  V.  Domm  for 
advice  concerning  the  application  of  the  hormone  to  our  particular  problem,  and  to  the  Sobering  Corpora¬ 
tion  of  Bloomfield,  New  Jersey  for  furnishing  the  estradiol  benzoate. 

*  We  are  indebted  to  Miss  Catharine  Lutherman  for  taking  complete  charge  of  the  flock  and  making 
injections  and  observations  from  December  12  to  31  inclusive. 
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Table 

I.  Peck-order  in  the  observed  flocks 

Flock  A6 

Flock  Bi 

Flock  B2 

• 

Flock  E>i 

Flocii  Ei 

Rank  Hen  Pecks 

Rank  Hen  Pecks 

Rank  Hen  Pecks 

Rank  Hen  Pecks 

Rank  Hen  Pecks 

I 

BT 

4 

I 

BW 

7 

1 

BG 

5 

1 

BW 

7 

I 

BT* 

7 

1 

BR 

4 

2 

RW 

6 

1 

RR 

3 

I 

GG 

7 

a 

PP 

6 

3 

RY 

3 

3 

RR 

5 

2 

GY 

3 

1 

RG 

7 

3 

BG* 

5 

3 

GG 

3 

4 

BY 

4 

4 

BR 

2 

4 

BY 

5 

4 

GG 

4 

5 

GY 

I 

5 

BB» 

3 

5 

YY 

1 

5 

BR 

3 

5 

BB 

3 

6 

BB 

0 

6 

GY’ 

2 

5 

RW 

I 

5 

RT 

3 

6 

RR 

2 

7 

GG’ 

I 

5 

RR 

3 

7 

YY 

I 

8 

BG’ 

0 

8 

RW 

I 

8 

BR 

0 

8 

YY 

I 

Birds  shown  in  italics  received  estradiol. 
‘  Died  July  i  j  from  effects  of  heat. 

*  Died  August  27. 

*  Poulards. 


Floct(  Ei  was  originally  composed  of  8  culled  White  Leghorn  hens  from  an  Indiana  Farm 
Bureau  strain  that  had  been  hne  bred  since  1933.  The  birds  were  received  by  us  in  late 
April,  1939  when  they  were  about  i  year  old.  They  were  also  being  used  in  an  injection 
experiment  for  the  first  time. 

Flocl(  Bi,  of  the  same  strain,  age  and  laboratory  history  as  B2,  was  held  as  an  untreated 
control  flock.  It  contained  4  normal  young  hens  and  3  poulards  in  the  initial  low  comb  stage. 
There  was  one  other  poulard  which  had  large  head  furnishings  which  at  the  beginning  was 
as  non-aggressive  as  were  the  true  poulards  but  later  became  more  dominant. 

The  different  flocks  of  Iowa  birds  had  been  under  our  observation  from  8  to  14 
months  and  had  been  experimented  with  previously  (see  Allee,  et  al.,  12,  for  further 
details).  The  social  organization  in  each  of  these  flocks  as  it  existed  in  November  1938 
at  the  beginning  of  the  present  series  of  tests  is  summarized  in  table  i. 

Estradiol  dissolved  in  sesame  oil  was  injected  intramuscularly  daily  throughout 
the  experimental  periods.  The  location  of  the  puncture  was  varied  systematically 
and  neutral  sesame  oil  was  similarly  injected  in  like  amounts  into  each  of  the  other 
members  of  the  various  experimental  flocks.  The  dosages  used,  the  individuals  in¬ 
jected,  and  the  periods  of  treatment  are  shown  in  table  2. 

Table  1.  Dosage  of  estradiol  and  duration  of  periods  of  daily  injections 


Flock 

Hen 

Mg.  daily 

First  day 

Last  day 

No.  days 

Period 

Di 

BR 

0.025 

11/13/38 

11/11/38 

39 

I 

RY 

0.025 

11/13/38 

11/11/38 

39 

BW 

0.025 

11/13/38 

11/21/38 

39 

Di 

BR 

0.050 

ii/ii/j8 

1/17/39 

68 

II 

RY 

0.075 

11/21/38 

1/17/39 

68 

BW 

0.150 

11/11/38 

1/17/39 

68 

Di 

RY 

I.O 

7/1/  39 

8/14/39 

55 

IV 

A6 

BY 

0.025 

11/13/38 

11/11/38 

39 

I 

GG 

0.025 

11/13/38 

11/11/38 

39 

A6 

BY 

O.IO 

12/11/38 

1/17/39 

68 

II 

GG 

0.125 

11/11/38 

1/17/39 

68 

Bi 

BR 

0.20 

1/  6/39 

1/17/39 

53 

III 

BG 

0.30 

1/  6/39 

1/17/39 

53 

Ei 

BG 

I.O 

7/  1/39 

7/11/39 

11* 

IV 

BY 

1.0 

7/13/39 

8/11/39 

26* 

•Died. 
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Only  two  shifts  in  the  social  order  occurred  in  all  our  flocks  during  the  periods 
covered  by  treatment  with  estradiol,  which  could  not  be  accounted  for  on  the  basis 
of  illness  of  the  losing  bird.  In  both  of  these  cases  a  hen  which  was  receiving  estradiol 
lost  to  a  social  inferior.  The  first  of  these  reversals  happened  about  February  3  when 
BB,  the  lowest  ranking  hen  in  floc}{  A6,  gained  the  ascendency  over  BT,  the  alpha 
hen  in  that  flock.  BT  was  apparently  in  good  health  at  that  time.  She  had  been  in' 
jected  with  0.025  mg.  of  estradiol  daily  for  40  days  after  which  the  dosage  was 
stepped  up  to  o.io  mg.  for  over  40  days  more  before  this  reversal  took  place.  Because 
of  this  reversal,  a  more  detailed  summary  of  the  social  ranking  in  the  flock  at  the 
beginning  and  after  the  close  of  treatment  with  estradiol  is  given  in  table  3. 

Table  j.  The  social  order  in  flock  A6  at  the  beginning  (i)  and  a  weeks  after  the  close  of  the  jrd 

PERIOD  OF  TREATMENT  (ll)  WITH  ESTRADIOL 


Hen 

pecl{ed 

I 

BB 

Individuals  pecl^ed 

BT 

4 

GY 

GG 

— 

BR 

BR 

4 

BB 

GY 

GG 

RY 

— 

RY 

5 

BB 

GY 

— 

— 

BY 

GG 

3 

BB 

GY 

RY 

— 

— 

GY 

I 

BB 

— 

— 

— 

— 

BB 

0 

II 

BR 

4 

BB 

GY 

GG 

RY 

— 

BT 

3 

— 

GY 

GG 

— 

BR 

RY 

3 

BB 

GY 

— 

BT 

— 

GG 

3 

BB 

GY 

RY 

— 

— 

GY 

1 

BB 

— 

— 

— 

— 

BB 

I 

— 

— 

— 

BY 

— 

The  second  reversal  in  which  a  hen  receiving  estradiol  was  involved  came  in 
flocf^  Di  and  occurred  during  Period  IV  when  RT  had  been  receiving  daily  injections 
of  i.o  mg.  for  34  days  or  more.  Table  4  summarizes  the  social  order  in  this  flock  before 
and  after  treatment  with  the  estrogen.  At  the  beginning  of  the  fourth  period  RT 
had  been  tied  for  third  place  in  the  slightly  confused  flock  order.  She  lost  position  to 
TT,  a  bird  that  ranked  decidedly  lower.  RT  was  last  seen  to  peck  TT  on  August  3; 
three  days  later,  at  the  next  observed  contact  between  the  two,  TT  was  clearly  in 
the  ascendency.  RT  was  in  good  health  at  this  time  but  as  a  result  of  the  treatment 
with  estradiol,  her  comb  and  wattles  had  shrunken  greatly  and  approached  a  capon' 
like  condition. 

As  stated  previously,  no  reversals  involving  only  normal  healthy  controls  took 
place  in  the  flocks  during  the  entire  observation  period  from  October  24,  1938  to 
August  30,  1939.  The  changes  in  ranking  in  fioc}{  Di  between  the  beginning  of 
Period  I  as  shown  in  table  i  and  the  start  of  injection  in  Period  IV  are  directly  related 
to  death  of  RG  or  to  illness  produced  by  high  dosage  of  thyroxin  or,  in  one  instance, 
to  RT  attacking  and  conquering  BT  when  the  latter  was  having  severe  respiratory 
trouble  and  was  breathing  audibly  (she  later  recovered).  This  reversal,  which  oc' 
curred  some  3  months  before  RT  was  injected  with  estradiol  in  Period  IV,  shows 
that  she  was  normally  not  without  considerable  aggressiveness,  a  suggestion  which 
is  also  borne  out  by  her  case  history  in  staged  contacts  with  strangers. 

We  have  found  that  even  when  the  ordinarily  stable  flock  order  remains  un' 
changed,  shifts  in  aggressiveness  can  be  discovered  by  staged  initial  combats.  These 
need  to  be  held  in  a  neutral  pen  in  order  to  avoid  a  home  territory  effect  which  favors 
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the  bird  that  is  fighting  on  its  own  ground.  Accordingly  a  pair  of  strange  birds  were 
introduced  simultaneously  into  a  strange  pen  which  was  half  the  normal  size.  They 
were  watched  until  a  decisive  combat  occurred  or  until  one  individual  passively 
accepted  inferior  status  as  shown  by  consistently  avoiding  the  other  hen.  In  order 
to  avoid  complications  as  a  result  of  fatigue,  care  was  taken  that  no  hen  was  given 
an  opportunity  to  fight  more  than  one  individual  on  the  same  day. 

The  results  of  such  staged  contacts  are  not  easily  interpreted  since  there  are  a 
number  of  known  variables  which  may  affect  the  outcome  of  these  important  first 
encounters.  For  hens,  these  include,  among  other  things,  age,  proven  ability  in  fight' 
ing,  state  of  health  including  relation  to  the  moult,  amount  of  male  hormone  as  indi' 
cated  by  the  size  of  comb,  social  position  in  the  home  flock,  and  weight  inasmuch  as 
it  is  an  indicator  of  general  health.  It  is  obvious  that  these  items  may  not  be  mutually 
exclusive. 

The  smaller  amounts  of  estradiol  used  in  the  first  5  injection  periods  did  not 
Table  4.  The  social  order  in  flock  Di  before  (I)  and  after  (II)  RT  received  i  mg.  daily  of  estrad' 
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greatly  affect  the  aggressiveness  of  the  treated  individuals.  (Df  74  contacts  in  which 
neither  or  both  combatants  had  been  treated  with  this  estrogen,  the  results  went 
according  to  our  expectation,  based  on  the  criteria  which  have  just  been  listed,  in 
79%  of  the  cases.  In  69  contacts  in  which  one  hen  received  estradiol,  the  expectation 
was  realized  in  70%  of  the  trials.  The  decline  of  9%  is  in  keeping  with  other  obser' 
vations,  however,  considering  all  the  known  variables,  we  do  not  attach  much  sig' 
nificance  to  this  difference  between  the  responses  given  by  the  treated  individuals 
and  their  comparable  controls. 

The  larger  dosage  used  in  the  last  period  did  reduce  the  aggressiveness  of  RT 
in  her  combats  with  strangers.  She  is  the  only  hen  for  which  we  have  comparable 
data.  The  reactions  given  by  RT  may  be  summarized  from  the  figures  given  in  the 
right  hand  column  of  table  4.  The  results  from  the  preinjection  series  which  were 
staged  in  the  spring  are  shown  in  Part  I  of  the  table.  At  that  time  RT  won  a  higher 
percentage  of  her  combats  with  these  strange  hens  than  did  any  of  her  flock  mates 
with  the  exception  of  BR.  In  the  summer  series,  which  was  started  64  days  after  the 
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close  of  the  spring  series  and  20  days  after  the  beginning  of  treatment  with  estradiol, 
RT  won  7%  more  than  in  the  spring.  Meantime  her  flock  mates,  again  with  the 
exception  of  BR  which  was  receiving  thyroxin  treatment  at  this  time,  increased  their 
percentage  of  winning  on  an  average  of  37%. 

Something  kept  RT  from  showing  the  increase  in  fighting  eflSciency  that  was  to 
be  expected  on  the  basis  of  her  previous  behavior  and  the  increased  success  of  her 
immediate  fellows  in  combats  with  the  same  set  of  strange  hens.  The  fact  that  she 
was  receiving  i.o  mg.  of  estradiol  daily  during  this  latter  period  is  the  only  known 
variable  of  importance. 

We  have  better  evidence  than  this  in  the  staged  contacts  of  RT  with  GT  and 
BB  of  JlocJj  A6.  In  the  preinjection  fights,  RT  won  from  both.  She  staged  the  longest 
fight  in  our  two  years  of  records  in  a  combat  with  GT  which  lasted  190  seconds. 
RT  was  the  only  member  of  her  flock  to  defeat  GT  in  this  round  of  fights.  RT  also 
defeated  BB  decisively  in  a  fight  which  lasted  only  4  seconds.  In  that  series  of  fights 
with  other  members  of  floc\  Di,  BB  won  three  and  lost  three. 

RT  met  GT  again  after  she  had  been  receiving  injections  of  estradiol  for  22  days 
and  the  latter  won  handily  in  95  seconds.  (GT  was  receiving  a  medium  dosage  of 
thyroxin  at  the  time.)  Two  days  later  RT  lost  to  BB  in  two  brief  spurts  of  fighting 
which  lasted  12  plus  15  seconds.  Both  BB  and  GT  otherwise  showed  no  change  in  the 
outcome  of  their  staged  combats  with  the  flock  mates  of  RT.  These  more  precise 
data  support  the  impression  made  by  the  daily  observations  which  indicated  that 
RT  became  socially  less  aggressive  while  under  the  influence  of  estradiol. 

Our  records  permit  an  analysis  of  the  possible  action  of  estradiol  on  certain  other 
processes.  During  the  first  three  periods,  the  low  dosages  caused  no  change  in  the 
rate  of  egg  production  that  could  be  determined  by  comparing  egg  laying  records  of 
estradiol'treated  hens  with  their  oihtreated  flock  mates.  One  hen,  BR  in  flocJ{  B2, 
which  received  0.2  mg.  daily,  the  next  to  the  highest  dose  given,  began  to  lay  small 
eggs  on  February  25,  after  51  days  of  treatment.  Up  to  May  16,  she  laid  a  total  of 
13  eggs,  all  small;  those  examined  were  without  yolks.  BG,  which  received  50% 
more  hormone  per  day,  was  not  so  affected;  hence  it  is  by  no  means  certain  that  BR’s 
small  eggs  were  in  fact  induced  by  the  estradiol  she  had  received. 

Similarly  there  was  no  apparent  effect  of  the  estradiol  on  weight.  Both  control 
and  experimental  animals  showed  an  increase  in  weight  during  the  period  under  dis' 
cussion,  the  treated  hens  increased  slightly  but  not  significantly  more  than  did  their 
oil'treated  mates.  The  size  of  comb,  as  measured  by  length  plus  height,  did  not  differ 
significantly  between  the  experimental  and  the  control  hens;  both  showed  the  ex' 
pected  increase  that  usually  accompanies  increased  egg  production. 

With  the  heavier  dosage  used  in  the  fourth  period  of  injection  which  started 
July  I,  RT  soon  stopped  laying  while  all  of  the  sesame-treated  controls  continued  at 
a  steady  rate  except  BT  which  had  already  discontinued  laying  in  mid^June.  BT 
went  into  the  fall  moult  2  to  8  weeks  before  her  non'treated  flock  mates  and  this  may 
explain  her  early  cessation  of  laying.  Even  though  this  makes  a  presumptive  case  that 
daily  treatment  with  i.o  mg.  of  estradiol  causes  egg  laying  to  cease,  one  instance  is 
not  convincing. 

As  with  the  lower  amounts,  there  was  no  evidence  that  the  weight  of  the  hens 
which  daily  received  1.0  mg.  of  this  estrogen  was  affected  significantly.  The  heavier 
dosage  did  bring  about  a  decided  shrinkage  in  the  comb.  This  is  clearly  shown  in 
changes  in  the  size  of  comb  from  the  first  of  May  until  the  last  of  October  (fig.  i). 
The  measurements  were  obtained  by  combining  the  greatest  length  of  the  blade  with 
the  height  of  the  spike  which  was  most  nearly  at  right  angles  to  the  head. 
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Two  types  of  controls  are  shown.  Since  there  is  known  to  be  considerable  varia' 
tion  in  different  individuals,  data  on  size  of  comb  are  presented  for  2  other  hens  from 
this  flock.  These  were,  of  course,  injected  with  sesame  oil  and  were  the  2  hens  which 
were  least  affected  by  moulting  during  the  period  of  injection  and  the  2  preceding 
months.  Then,  too,  the  mean  of  the  comb  measurements  for  the  control  members  of 
the  flock  is  also  plotted  to  indicate  the  general  trend  during  this  period. 

RT  was  selected  for  injection  with  estradiol  partly  with  this  test  in  mind.  She 
had  a  large,  red,  turgid,  erect  comb  which,  under  the  influence  of  the  estrogen,  be¬ 
came  pale,  dry  and  capon-Uke  during  the  period  the  flock  in  general  showed  combs 
which  were  somewhat  larger  than  they  had  been  in  early  May.  About  the  time  the 


injection  of  estradiol  ceased,  RT  went  into  a  heavy  moult  and  her  comb  continued 
to  decrease  in  size  until  mid-September.  It  did  not  start  to  increase  until  about  the 
first  of  October  approximately  5  weeks  after  the  cessation  of  injections.  Her  recovery 
was  contrary  to  that  of  the  other  members  of  her  flock  which  had  meantime  gone 
into  another  period  of  moulting. 

It  must  be  remembered  that  this  record  is  based  on  results  with  a  single  individ¬ 
ual.  Similar  results,  though  not  so  striking,  were  shown  by  BT,  of  ftoc}{  Ei,  whose 
comb  began  to  shrink  soon  after  she  was  injected  with  a  similar  amount  of  estradiol 
and  before  there  was  any  evidence  of  the  illness  from  which  she  died  before  the  end 
of  August. 

The  size  of  comb  in  a  given  individual  is  determined  chiefly  by  the  amount  of 
male  hormone  present  and  aggressiveness  of  hens  has  been  shown  to  be  much  affected 
by  treatment  with  testosterone  (12).  A  striking  illustration  of  the  correlation  be¬ 
tween  size  of  comb  and  aggressiveness  is  shown  in  the  staged  contacts  between  RT 
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and  GT  and  BB  of  floc\  A6,  the  outcomes  of  which  have  already  been  given.  At  the 
time  of  the  preinjection  combats  which  RT  won,  her  comb  measured  56  +  111  mm. 
Two  months  later,  after  3  weeks  of  daily  injections  with  estradiol,  RT’s  comb  had 
shrunken  to  43+87  mm.  and  she  lost  both  contests.  In  the  meantime  GT s  comb  had 
increased  from  65  +  107  to  76+121  mm.  and  BB’s  from  74+118  to  77  +  120  mm. 

DISCUSSION  AND  SUMMARY 

Preoccupation  with  the  analysis  of  the  underlying  basis  of  the  social  hierarchy 
in  flocks  of  hens  has  kept  us  from  attempting  a  serious  analysis  of  other  effects  of  the 
hormone  used.  The  general  effectiveness  of  the  estradiol  and  the  treatment  employed 
was  demonstrated  by  using  a  behavioristic  rather  than  a  morphological  criterion.  In 
order  to  obtain  proof  of  general  potency,  we  injected  a  low'Comb,  capon-feathered 
poulard,  BG,  with  i.o  mg.  daily  for  18  days.  BG  had  been  ovariotomized  by  Dr. 
L.  V.  Domm  more  than  a  year  previous  to  treatment.  Within  3  days  BG  developed 
a  strong  squatting  reaction  when  pressed  down  by  the  observer  and  invariably  gave 
this  reaction  during  the  period  of  treatment  with  the  estrogen.  Another  similar 
poulard  merely  struggled  to  get  away  when  tested  in  the  same  manner.  On  the  fourth 
day  of  injection,  BG  squatted  for  the  cock.  The  control  poulard  invariably  mounted 
to  the  roost  and  avoided  the  cock.  None  of  our  poulards  have  ever  taken  the  cock  or 
shown  a  squatting  reaction  except  this  one  bird  after  treatment  with  estrogen.  Two 
and  a  half  months  after  injection  ceased,  BG  still  showed  a  strong  squatting  reaction 
when  pressed  down  by  the  observer.  By  this  time,  however,  she  avoided  the  cock. 

So  far  as  our  experiments  go,  we  have  found  only  a  little  evidence  that  treatment 
with  estradiol  up  to  and  including  0.3  mg.  daily  for  extended  periods  produced 
changes  in  social  aggressiveness.  There  was  a  greater  lack  of  effect  on  egg  laying, 
weight,  and  on  size  of  comb.  Aggressiveness,  egg  laying  and  size  of  comb  were  all 
affected  by  similar  dosage  of  testosterone  propionate  (12). 

Treatment  with  these  smaller  amounts  was  not  completely  ineffective  for,  as 
recorded  in  table  3,  BT,  the  alpha  hen  in  floc]{  A6,  suffered  a  complete  social  reversal 
in  her  usual  flock  relations  to  BB,  the  omega  hen  in  the  same  flock.  This  is  the  more 
surprising  since  it  has  been  our  general  experience,  and  that  of  others  as  well,  that 
the  social  order  among  hens,  once  established,  is  altered  with  difficulty.  Certainly  it 
is  less  easily  affected  than  are  the  results  of  staged  initial  contacts,  or  any  of  the  other 
processes  we  have  been  measuring.  On  further  examination,  the  case  of  BT  turns 
out  to  be  even  more  interesting. 

BT  was  originally  the  omega  bird  in  her  flock  and  rose  to  the  top  of  her  social 
order  as  a  result  of  treatment  with  testosterone  propionate.  Once  won,  she  retained 
her  high  social  position  probably  because  of  social  inertia.  She  was  not  inherently  an 
aggressive  hen  and  when  the  direct  influence  of  testosterone  had  completely  worn 
off,  she  was  placed  successively  in  contact  with  3  aggressive  high-ranking  hens  in  the 
staged  inter-flock  contests.  Under  these  conditions  she  lost  each  of  these  contests. 
BB,  on  the  other  hand  won  consistently  over  her  less  aggressive  opponents  in  her 
staged  contests  and  secured  the  observed  reversal  over  BT  soon  afterwards.  There 
is  a  suggestion  here  that  there  may  be  psychological  effect  of  victories  and  defeats 
which  affects  the  aggressiveness  of  hens.  Uhrich  (14)  has  found  indications  of  a 
similar  effect  with  white  mice. 

With  a  heavier  dosage,  there  is  strong  indication,  unfortunately  based  on  too  few 
cases,  that  estradiol  decreases  the  size  of  head  furnishings,  tends  to  stop  egg  pro¬ 
duction,  and  lowers  aggressiveness.  The  decrease  in  comb  which  we  have  found, 
supports  and  extends  the  observations  of  Emmens  (15)  and  of  Koch  and  Hoskins 
(16)  with  cockerels  and  capons. 
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The  effects  produced  by  estradiol  on  social  aggressiveness  and  correspondingly 
on  flock  organization  have  not  been  as  striking  as  those  which  follow  treatment  with 
testosterone  propionate.  Insofar  as  we  have  evidence,  the  results  obtained  indicate 
an  essential  antithesis  in  the  action  of  these  two  hormones  as  measured  by  the  social 
behavior  of  hens. 
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CREATINE'CREATININE  METABOLISM 
AND  THE  HORMONES 

V.  EFFECT  OF  PARENTERAL  INJECTION  OF  EPINEPHRIN,  ESCHATIN,  PERCORTEN 
AND  SALINE  INTO  NORMAL  AND  ADRENALECTOMIZED  RATS  UPON  MUSCLE 
CREATINE  AND  CREATINE-CREATININE  EXCRETION^ 
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From  the  Department  of  Biochemistry,  Louisiana  State 
University  School  of  Medicine 

NEW  ORLEANS,  LOUISIANA 

ON  SEVERAL  OCCASIONS  publications  from  this  laboratory  have  contained  data 
which  show  that  there  is  a  close  relation  between  creatine-creatinine  and 
water  and  salt  metabolism  (i,  2,  5).  A  study  of  the  hormones  of  the  adrenal 
gland  should,  therefore,  be  of  interest  in  this  connection.  In  addition  it  is  possible 
that  the  effect  of  epinephrin  upon  creatinuria  might  throw  some  light  upon  the  well 
known  relationship  between  creatinuria  and  carbohydrate  metabolism. 

EXPERIMENTAL 

The  technic  used  has  been  published  on  several  occasions  (i,  2,  3).  Young  adult 
rats  were  used  and  urine  samples  were  collected  in  3-day  periods  under  5  cc.  of  1% 
HCl.  Total  and  preformed  creatinine  was  determined  as  usual  with  alkaline  picrate 
and  the  difference  between  these  two  values  is  expressed  “creatine  as  creatinine”  in 
the  charts.  Muscle  creatine  was  determined  as  usual  using  the  method  of  Rose,  Hel¬ 
met  and  Chanutin  (4).  All  color  comparisons  were  made  in  the  Fisher  electrophotom- 
eter.  The  adrenal  cortical  preparation  used  was  eschatin  (Parke,  Davis  Co.),  and 
the  synthetic  adrenal  cortical  hormone,  desoxycorticosterone  acetate  in  sesame  oil 
(percorten,  Ciba)  was  also  employed  in  some  animals.  This  preparation  contained  5 
mg.  of  the  acetate  per  cc.  of  oil.  The  adrenals  were  removed  under  nembutal  anesthe¬ 
sia.  In  several  instances  the  urines  were  tested  for  sugar  using  Benedict’s  qualitative 
copper  reagent  and  with  the  specific  creatinine  enzyme  of  Miller  and  Dubos  (5). 

RESULTS  AND  DISCUSSION 

The  effect  of  removal  of  the  adrenals  upon  creatine-creatinine  excretion  is  shown 
in  figure  i.  In  ii  out  of  12  animals  it  is  evident  that  most  of  the  adrenal  tissue  was  re¬ 
moved  since  a  reduction  of  body  temperature  and  death  occurred  a  few  days  after  the 
operation.  The  average  creatinine  excretion  before  the  operation  was  9  mg.  and  for 
the  first  3  days  following  the  operation  it  was  3  mg.  The  average  creatine  excretion  at 
this  time  was  9.6  mg.  It  is  easy  to  believe  that  this  retained  creatinine  was  transformed 
into  creatine.  We  have  shown  that  anesthesia  with  ether,  chloroform,  amytal  or  ure¬ 
thane  results  in  creatinuria  in  the  normal  animal  while  there  is  no  change  in  the  excre- 


'  We  wish  to  thank  Dr.  Oliver  Kamm  of  Parke,  Davis  d  Co.,  for  the  samples  of  eschatin,  and 
Dr.  E.  Oppenheimer  of  the  Ciba  Pharmaceutical  Products  Co.,  for  the  samples  of  percorten,  used  in 
these  experiments. 


95 


V//////. 


96  A.  LINK  KOVEN,  PHILIP  PI220LAT0  AND  HOWARD  H.  BEARD  Volume  17 

tion  of  creatinine  under  these  conditions  (6).  It  is,  therefore,  evident  that  removal  of 
the  adrenals  was  responsible  for  this  creatinine  retention  in  these  animals. 

Two  theories  may  be  briefly  discussed  in  attempting  to  explain  these  findings. 
The  creatinuria  observed  above  could  have  been  due  to  temporary  liver  damage  pro' 
duced  by  the  anesthetics.  On  the  other  hand,  according  to  Riesser  and  Brentano  (7)  a 
depletion  of  muscle,  but  not  of  liver  glycogen,  would  be  responsible  for  the  creatinuria 
observed.  This  view  has  also  been  suggested  by  Lohmann  (8).  The  discussion  below 
will  show,  however,  that  we  are  not  in  complete  agreement  with  this  theory  of  the 
cause  of  the  creatinuria. 

All  of  the  adrenalectomized  animals,  which  were  used  for  the  study  of  the  effect 
of  the  adrenal  hormones  upon  creatine-creatinine  excretion  (fig.  2),  were  found  to 
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I.  Effect  of  adrenalectomy  upon  creatine-creatinine  excretion  in  the  rat. 


contain  accessory  adrenal  tissue  on  autopsy.  This  was  also  evident  from  the  length  of 
time  the  animals  lived  after  removal  of  the  adrenals.  Adrenalectomy,  by  itself,  there¬ 
fore,  was  only  partially  responsible  for  the  following  results. 

Saline.  The  injection  of  physiological  saline  in  doses  of  18  and  50  mg.  daily  to  the 
adrenalectomized  rats  4  to  6  caused  an  increase  in  creatine  excretion  of  19  and  52  mg., 
respectively.  This  is  the  sixth  occasion  where  injection  of  water  or  saline  has  caused 
a  creatinuria  and  it  is  certain  that  this  creatinuria  is  no  chance  observation  but  a  phys¬ 
iological  phenomenon  to  be  expected  under  these  experimental  conditions.  We  have 
also  attributed  the  creatinuria,  which  is  due  to  the  injection  of  the  sex  hormones  (9, 
10),  as  well  as  to  the  injection  of  the  cortical  hromone,  in  this  study,  to  their  water  or 
salt  retaining  effects.  Administration  of  the  adrenal  cortical  hormone  increases  liver 
glycogen  and  prevents  the  fall  in  glycogen  due  to  adrenalectomy  (11).  It  is  also  diflS- 
cult  to  believe  that  an  increased  water  content  of  the  tissues  could  lead  to  a  break¬ 
down  of  glycogen  which  would  then  be  the  cause  of  the  subsequent  creatinuria. 
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The  fact  that  injection  of  saline  or  eschatin  into  adrenalectomized  rats  results  in 
about  the  same  creatinuria  as  is  obtained  from  injection  of  similar  doses  of  saline  and 
eschatin  into  normal  animals,  points  strongly  to  the  fact  that  the  adrenal  cortical  hor¬ 
mone  exerts  its  influence  on  creatinuria  by  a  retention  of  sodium  and  water.  This,  as 
we  have  shown  on  several  previous  occasions,  probably  causes  a  transformation  of 
creatinine  into  creatine,  the  excess  of  which  is  then  excreted  into  the  urine. 

Epinephrin.  In  normal  animals  23  to  26  the  injection  of  0.1  cc.  of  i-iooo  solution 
of  epinephrin-HCl  daily,  caused  an  increase  of  23  mg.  in  extra  creatine  excretion.  In  the 
adrenalectomized  rats,  14  to  18,  58  mg.  of  extra  creatine  were  excreted  during  the 
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Fig.  1.  Effect  of  adrenalectomy  with  percorten,  eschatin,  epinephrin,  salt,  upon  creatinecrea 
TiNiNE  EXCRETION  IN  THE  RAT.  NumbcTs  in  circlcs  are  the  number  of  animals  living  at  that  time. 

6rst  injection  period.  After  the  second  injection  period  this  value  was  only  28  mg. 
The  Jaffe  reaction,  however,  in  these  cases  was  not  due  to  creatine. 

epinephrin  and  eschatin.  In  the  adrenalectomized  animals  19  to  22,  22  mg.  of  extra 
creatine  were  excreted  during  the  first  injection  period  with  these  hormones  and  39 
mg.  during  the  second  injection  period. 

These  adrenal  cortical  and  medullary  hormones  are  known  to  reduce  Benedict’s 
qualitative  sugar  solution  and  also  give  the  Jaffe  reaction  with  alkaline  picrate.  For 
this  reason  it  was  necessary  to  run  control  tests  on  the  above  urine  samples  to  deter¬ 
mine  if  the  creatinuria  observed  was  true  or  false.  All  of  the  urines  after  the  injection 
of  epinephrin  reduced  Benedict’s  solution  and  the  creatinine  enzyme  of  Miller  and 
Dulx)s  did  not  cause  the  color  of  the  Jaffe  reaction  to  disappear.  It  is  therefore  evident 
that  glycosuria  and  not  creatinuria  was  responsible  for  the  Jaffe  reaction  in  these 
cases.  On  the  other  hand  no  urine  sample  from  the  eschatin  animals  reduced  Bene- 
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diet’s  solution  and  in  these  cases  the  creatinine  enzyme  destroyed  the  color  of  the  Jaffe 
reaction.  A  true  creatinuria  was  therefore  responsible  for  the  reaction  in  these  cases. 

Percorten.  The  synthetic  cortical  hormone  in  this  preparation  gave  about  the 
same  creatinuria  in  the  normal  and  adrenalectomized  animals  (i  to  3  and  27  to  29).  The 
increase  in  creatine  excretion  was  from  20  to  25  mg.,  which  is  only  about  half  as  much 
as  that  excreted  after  the  injection  of  eschatin. 

Eschatin.  In  the  normal  animals  (10  to  13)  this  commercial  preparation  caused  in' 
creases  in  creatine  excretion  from  20  to  25  mg.  In  the  adrenalectomized  rats  (7  to  9) 
these  increases  amounted  to  60  mg.  After  the  second  injection  of  this  hormone  prepa- 
ration  the  extra  creatine  excretion  was  only  28  mg. 

The  results  listed  in  table  i  show  that  the  injection  of  the  adrenal  hormones  does 
not  alter  the  concentration  of  muscle  creatine  in  the  animals.  This  shows  that  the 
creatinuria  observed  above  was  not  due  to  a  liberation  of  muscle  creatine. 


Table  i.  Effect  of  parenteral  injection  of  epinephrin  and  eschatin  upon 

CREATINE  CONTENT  OF  NORMAL  RAT  MUSCLE 


Honnonc 

Amount 

'injected 

No.  of  rats 

Muscle  creatine  in  % 

Experiment 

Max. 

Min. 

Av. 

hours  after 

Controls 

cc. 

12 

0.45 

0.39 

0.41 

injection 

2 

0.44 

0.43 

0.44 

3 

Epinephrin 

2 

0.48 

0.40 

0.44 

6 

HCl 

2 

0.41 

0.42 

0.41 

10 

(i-iooo) 

2 

0.47 

0.38 

0.45 

24 

8 

0.47 

0.40 

0.44 

48 

SB 

Ave. 

0.43 

I.O 

2 

0.47 

0.46 

0.47 

3 

I.O 

2 

0.45 

0.42 

0.43 

6 

Eschatin 

I.O 

2 

0.45 

0.37 

0.41 

10 

1.0 

2 

0.47 

0.47 

0.47 

24 

1.0 

10 

0.49 

0.38 

0.40 

48 

Ave. 

0.44 

Recently  Long,  Katzin  and  Fry  (12)  have  shown  that,  if  rats  are  fed,  after  removal 
of  the  adrenals,  normal  levels  of  muscle  and  Uver  glycogen  are  found.  Our  animals 
were  never  allowed  to  lack  food,  water  or  salt.  They  also  showed  that  administration 
of  the  cortical  hormone,  or  certain  crystalline  sterols  isolated  from  the  adrenal  cortex 
to  fasted  adrenalectomized  or  normal  rats,  raises  the  Uver  glycogen  as  much  as  20'fold. 
The  blood  sugar  was  also  elevated  and  all  of  these  changes  were  due  to  an  increased 
formation  of  sugar  from  protein.  The  Yale  investigators  also  stated  that  desoxycorti' 
costerone,  which  we  used,  influenced  the  electrolyte  balance  but  had  little  effect  upon 
carbohydrate  metabolism.  The  creatinuria  observed  in  our  partially  adrenalectomized 
animals  was,  therefore,  evidently  not  due  to  a  breakdown  of  glycogen  according  to 
the  theory  of  Riesser  and  Bretano  (11),  but  to  a  retention  of  water  and  salt  in  the  tis' 
sues,  which,  as  we  have  shown  on  several  occasions,  always  leads  to  creatinuria. 

SUMMARY 

Epinephrin,  eschatin,  percorten  and  saline  were  separately  injected  into  normal 
and  adrenalectomized  rats  and  the  results  of  this  treatment  upon  the  concentration  of 
muscle  creatine  and  on  creatine'creatinine  excretion  was  studied. 
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Adrenalectomy  caused  a  complete  retention  of  creatinine  for  3  days  following  the 
operation.  A  similar  increase  in  creatine  excretion  occurred  at  this  time.  The  create 
nine  excretion  in  succeeding  periods  was  not  increased  above  normal,  indicating  a  pos¬ 
sible  transformation  of  creatinine  into  creatine. 

Injection  of  eschatin  or  percorten  caused  a  true  creatinuria  since  the  urine  samples 
did  not  reduce  Benedict’s  qualitative  sugar  solution  and  the  creatinine  enzyme  of 
Miller  and  Dubos  destroyed  the  color  of  the  Jaffe  reaction.  Injection  of  physiological 
saline  resulted  in  a  similar  creatinuria.  The  effect  of  the  cortical  hormones  was,  there¬ 
fore,  probably  due  to  their  water  and  salt  retaining  effects. 

The  injection  of  epinephrin  resulted  in  glycosuria  in  all  cases  and  the  color  of  the 
Jaffe  reaction  with  alkaline  picrate  was  not  destroyed  with  the  creatinine  enzyme  of 
Miller  and  Dubos.  Epinephrin,  therefore,  does  not  cause  a  true  creatinuria. 

The  injection  of  epinephrin  or  eschatin  did  not  change  the  concentration  of  mus¬ 
cle  creatine  in  the  rat.  The  creatinuria  observed  after  injection  of  the  latter  hormone 
was  not  due  to  a  liberation  of  muscle  creatine. 
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EFFECT  OF  HIGH  MELANOPHORE  HORMONE  FRAC^ 
TIONS  ON  TYROSINE  AND  DOPA  OXIDATION^^.a 

G.  A.  FOSTVEDT 

From  the  Department  of  Pharmacology,  University  of  Chicago 

CHICAGO,  ILLINOIS 

The  information  concerning  the  role  of  the  melanophore  hormone  of  the 
pituitary  body  ia  higher  animals  is  meager.  Most  of  the  studies  with  this 
hormone  have  been  performed  with  lower  animals  in  which  the  interest  has 
centered  around  the  action  of  the  hormone  on  the  melanophore  and  related  cells  of 
the  dermis  (i).  The  purpose  of  the  present  studies  was  an  attempt  to  correlate  melano' 
phore  hormone  activity  with  melanin  formation,  and  through  these  studies  it  was 
hoped  to  gain  some  insight  into  the  possible  r6le  of  this  hormone  in  higher  animals. 

Teague  (2)  has  given  a  concise  review  of  this  hormone,  and  further  information  may  be 
obtained  from  other  sources  (3).  Hence,  references  will  be  made  only  to  the  literature  apper' 
taining  to  the  present  investigation. 

One  of  the  best  known  processes  of  melanin  formation  is  from  tyrosine  through  the  action 
of  tyrosinase.  Raper  (4)  has  elaborated  upon  the  exact  mechanism  of  the  oxidation  of  tyrosine 
by  tyrosinase.  Pigmentation  in  rabbits  was  studied  by  Onslow  (5).  In  human  skin  Bloch  (6) 
has  identified  the  pigment  forming  enzyme  as  dopase,  the  substrate  being  dopa.  Figge  (7) 
found  strong  indirect  evidence  for  tyrosinase  existence  in  amphibians.  He  has  recently 
obtained  evidence  to  show  that  melanin  formation  is  a  reversible  oxidation-reduction 
system,  which  may  be  as  important  as  other  redox  systems  in  the  body  (8).  In  a  preliminary 
report  (9)  experiments  were  cited  by  the  writer  in  which  certain  pituitary  fractions  acceler¬ 
ated  an  oxidase  system  such  as  tyrosine-tyrosinase.  This  finding  appeared  to  merit  further 
investigation,  since  Collip  and  his  coworkers  (10)  had  reported  the  existence  of  a  specific 
metabolic  stimulant  in  fractions  which  contained  a  high  concentration  of  melanophore 
hormone.  However,  Gaebler  (ii)  had  earlier  recognized  that  metabolic  stimulation  was 
caused  by  anterior  pituitary  extracts.  Teague  (12)  reinvestigated  the  possible  metabolic 
stimulating  effects  of  pituitary  extracts.  He  found  that  such  stimulation  is  not  necessarily 
a  specific  response,  since  an  increased  oxygen  consumption  was  noted  when  extracts  of  liver, 
muscle  and  kidney  were  injected  into  rats.  Preparations  of  the  pituitary  gland  rich  in  melano¬ 
phore  hormone  but  obtained  from  various  sources  and  prepared  by  different  methods 
varied  considerably  in  their  effect  on  the  oxygen  consumption  of  rats.  Hypophysectomized 
or  thyroidectomized  rats  gave  the  same  variable  response  as  did  normal  animals.  In  a  more 
recent  communication  Teague  (2)  showed  that  the  melanophore  hormone  and  the  specific 
metabolic  stimulant  are  undoubtedly  not  identical,  since  Ae  dose  required  for  metabolic 
stimulation  was  2000  times  greater  than  that  required  for  a  marked  melanophore  response 
in  hypophysectomized  frogs,  such  a  dosage  being  entirely  out  of  the  physiological  range.  A 
recent  report  (13)  from  Collips’  laboratory  is  in  essential  agreement  with  Teague’s 
conclusion. 


*  Aided  by  grants  from  the  Rockefeller  Foundation  and  the  Committee  on  Research  in  Endocrinol¬ 
ogy  of  the  National  Research  Council. 

*  Part  I  of  a  thesis  submitted  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of 
Philosophy  at  the  University  of  Chicago. 

*  A  preliminary  report  on  some  of  the  material  given  here  has  been  published  (Proc.  Soc.  Exper. 
Biol.  &  Med.,  40:  302. 1939). 


100 


July,  1940 


MELANOPHORE  HORMONE 


lOI 


From  a  survey  of  the  literature  one  is  justified  in  stating  that  there  are  at  least 
four  criticisms  of  the  evidence  thus  far  presented.  First,  there  is  disagreement  as  to 
the  specificity  of  the  metabolic  stimulation  produced  by  pituitary  extracts,  as  evi' 
denced  by  the  work  of  Collip  and  coworkers  (10)  and  of  Teague  (2).  Secondly,  there 
has  been  no  definite  indication  that  tyrosinase  is  present  in  mammals.  Thirdly,  there 
has  been  no  report  of  an  increase  in  melanin  content  of  the  frog’s  skin  after  the  injec' 
tion  of  melanophore  hormone.  Fourthly,  the  final  outcome  of  any  conclusive  experi' 
mentation  will  be  decided  only  when  crystallized  hormones  become  available. 


EXPERIMENTAL  STUDIES  AND  RESULTS 


The  experimental  approach  to  the  problem  was  through  the  use  of  a  known  oxi' 
dase  system,  namely  the  production  of  melanin  through  the  action  of  tyrosinase  on 

Table  i.  Method  of  preparation  op  fractions 


5- 


6. 

7- 


Fraction  I 


Fraction  II 


Fraction  III 


5  gm.  pituitary  powder  in 
0.25%  acetic  acid,  boiled  for  i 
minute. 

Filtered. 

Filtrate  evaporated  to  dryness 
in  a  current  of  ait  without 
heat. 

Residue  taken  up  with  50  cc. 
of  methyl  alcohol;  insoluble 
portion  centrifuged  out. 


100  cc.  of  acetone  added  to  the 
methyl  alcohol  solution.  Pre¬ 
cipitate  is  Fraction  I. 

Fraction  I  removed  and  dried 
on  a  watch  glass  in  a  desic¬ 
cator. 

When  injected  into  a  hypo- 
physectomized  frog,  i  cc.  of  a 
io“®  fresh  solution  caused  a 
marked  darkening  for  14  hours. 


1.  5  gm.  pituitary  powder  in 
0.15%  acetic  acid,  boiled  for  i 
minute. 

2.  Filtered. 

3 .  Filtrate  evaporated  to  dryness 
in  a  current  of  air  without 
heat. 

4.  Residue  taken  up  with  50  cc. 
of  methyl  alcohol;  insoluble 
portion  centrifuged  out. 


5.  5  cc.  of  n/io  HCl  added  to 
the  methyl  alcohol  solution, 
then  150  cc.  of  acetone.  Pre¬ 
cipitate  is  Fraction  II. 

6.  Fraction  II  removed  and  dried 
on  a  watch  glass  in  a  desic¬ 
cator. 

7.  When  injected  into  a  hypo- 
physectomized  frog  i  cc.  of  a 
10“'  freshly  prepared  dilution 
caused  a  marked  darkening  for 
24  hours. 


1.  5  gm.  pituitary  powder  in 
0.25%  acetic  acid,  boiled  for  i 
minute. 

2.  Filtered. 

3 .  Filtrate  evaporated  to  dryness 
in  a  current  of  air  without 
heat. 

4.  Residue  triturated  with  y  cc. 
of  i/io  N  HCl;  50  cc.  of 
methyl  alcohol  added;  in¬ 
soluble  portion  centrifuged 
out. 

5.  150  cc.  of  acetone  added  to 
methyl  alcohol  and  HCl 
solution.  Precipitate  is  Frac¬ 
tion  III. 

6.  Fraction  III  dried  on  a  watch 
glass  in  a  desiccator. 

7.  When  injected  into  a  hypo- 
physectomized  frog  i  cc.  of 
io“*  freshly  prepared  dilution 
caused  a  marked  darkening 
for  24  hours. 


tyrosine,  and  measuring  the  O2  consumption  in  a  Warburg  apparatus.  Changes  in 
O2  uptake  were  observed  after  the  addition  of  various  melanophore  containing  pitui' 
tary  extracts,  with  adequate  controls  in  all  cases.  The  various  procedures  were  as 
follows. 

A.  Several  high  melanophore  hormone  fractions  were  prepared  by  a  modification  of 
Stehle’s  method  (14).  By  definition  these  fractions  are  referred  to  in  this  paper  as  high 
melanophore  hormone  fractions,  because  they  give  a  marked  physiological  response  in 
hypophysectomized  frogs  when  injected  in  high  dilutions,  although  it  is  not  definitely 
known  whether  the  melanophore  hormone  or  some  other  pituitary  principle  is  responsible 
for  the  effects  on  the  oxidation  systems  studied.  Table  1  shows  the  method  of  preparation 
of  the  fractions  in  an  outline  form.  The  fractions  were  prepared  from  acetone  desiccated 
powder  of  a),  anterior  and  b),  posterior  lobe  beef  pituitary  glands;^  c),  anterior  lobes  of  sperm, 
finback  and  white  whales;  and  d),  from  beef  liver,  lung,  kidney  and  muscle.  Different  sources 
for  the  preparation  of  the  extracts  were  used  in  order  to  insure  fractions  containing  a 
different  admixture  of  hormones. 

Generously  supplied  by  the  Armour  Laboratories  and  by  the  Wilson  Laboratories,  Chicago, 
Illinois. 
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B.  The  pituitary  fractions,  dissolved  in  distilled  water,  were  assayed  for  their  melano- 
phore  content  by  injecting  them  into  the  ventral  lymph  sac  of  hypophysectomized  frogs. 
In  preparations  made  from  posterior  pituitary  powder  it  was  also  considered  essential  to 
measure  the  amount  of  pressor  and  oxytocic  hormones  which  may  act  as  contaminants. 
Figure  i  shows  the  pressor  assay  of  these  fractions. 

C.  The  tyrosinase  solution  was  made  by  triturating  2  gm.  of  meal  worms  in  10  cc.  of 
buffer  solution  and  centrifuging  out  as  much  extraneous  material  as  possible.  These  tyro- 
sinase  solutions  were  crude  and  undoubtedly  made  up  a  part  of  the  substrate;  for  this 
reason,  more  oxygen  was  consumed  in  these  experiments  than  would  theoretically  be  taken 
up.  This  point  was  checked  by  adequate  controls.  It  should  be  especially  noted  and  em- 
phasized  that  the  enzyme  solutions  varied  in  their  activity,  regardless  of  the  fact  that  the 
same  procedure  was  used  in  each  instance.  It  was  found  that  large  meal  worms  usually  gave 
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Fig.  I 

a  more  potent  enzyme  solution  while  preparation  of  the  enzyme  from  small  meal  worms  re- 
suited  in  a  less  active  solution.  Each  experiment  required  its  own  enzyme  system  of  control. 
The  difference  in  enzymatic  activity  accounts  for  the  variation  in  O2  consumption  from 
experiment  to  experiment.  For  example,  in  a  very  rapid  oxidizing  system  due  to  high  enzy¬ 
matic  activity  only  a  small  increase  in  the  oxidation  rate  might  be  noted  if  a  high  melanophore 
hormone  fraction  was  added  to  the  enzyme-substrate  system,  whereas  a  greater  increase  in 
the  oxidation  rate  was  usually  noted  if  the  activity  of  the  enzyme  was  weaker.  This  fact 
must  constantly  be  borne  in  mind  when  interpreting  any  apparent  discrepancies  between 
experiments.  The  most  consistent  results  were  obtained  when  the  enzyme  activity  was  such 
that  25  to  50  cu.  mm.  of  oxygen  was  consumed  per  hour.  A  slow  reaction  was  obtained  by 
conducting  the  experiments  in  a  slightly  acid  media.  There  is  often  an  initial  latent  period 
in  the  enzyme  activity,  a  fact  well  known  to  workers  in  the  field. 

D.  The  substrate  used  was  recrystallized  tyrosine.  It  was  dissolved  in  a  sodium  dihydro- 
gen  phosphate-sodium  hydroxide  buffer  at  a  pH  of  6.85  in  most  experiments,  and  at  a  pH 
of  7.33  in  others.  Heating  in  a  boiling  bath  was  necessary  to  bring  all  the  tyrosine  into 
solution.  The  tyrosine  solution,  in  addition  to  the  enzyme  and  melanophore  containing 
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solutions,  was  freshly  prepared  before  each  experiment.  Most  of  the  tests  were  conducted 
at  a  pH  6.85  since  the  activity  of  the  enzyme  is  slower  in  this  range.  In  these  experiments 
1.5  cc.  of  0.0033  molar  tyrosine  solution,  0.3  cc.  of  tyrosinase  solution,  and  0.3  cc.  of  a  i/iooo 
or  I X  io~®  dilution  of  a  high  melanophore  hormone  fraction  were  used,  with  modifications 
of  the  total  substrate  only  in  the  case  of  the  tryptic  digestion  experiments. 

E.  The  Warburg  apparatus  (15)  with  the  two  side  arm  vessels  was  used.  The  substrate 
was  placed  in  the  bottom  of  the  vessel,  while  the  solution  of  enzyme  and  the  high  melano- 
phore  hormone  fraction  were  each  placed  in  their  respective  side  arms.  After  reaching  a 
constant  temperature  of  38“  C.  the  contents  of  the  side  arms  were  tipped  into  the  substrate 
solution  as  quickly  as  possible  and  readings  of  the  O2  uptake  were  taken  every  15  minutes 
or  oftener.  All  experiments  were  run  in  duplicate  with  controls  in  each  case. 

F.  In  an  experiment  to  determine  the  extent  to  which  a  high  melanophore  hormone 


Fig.  2.  Effect  of  posterior  lobe  beef  melanophore  on  tyrosine-tyrosinase  system.  Curve  i, 
i.y  cc.  of  0.0033  molar  tyrosine,  0.3  cc.  tyrosinase,  0.3  cc.  Fraction  II  posterior  lobe  beef  melanophore 
(io~*  alkali'treated).  Curve  2,  i.y  cc.  of  0.0033  molar  tyrosine,  0.3  cc.  tyrosinase,  0.3  cc.  Fraction  II 
posterior  lobe  beef  melanophore  (io“*  untreated).  Curve  3,1.5  cc.  of  0.0033  molar  tyrosine,  0.3  cc.  tyrosi¬ 
nase,  0.3  cc.  buffer. 

fraction  could  be  diluted  and  still  have  an  effect  on  the  tyrosine-tyrosinase  system,  it  was 
found  that  any  concentration  less  than  140  7  in  the  total  volume  resulted  in  a  decreased  effect 
on  this  oxidase  system.  This  experiment  was  tried  with  posterior  beef  pituitary  high  melano¬ 
phore  hormone  Fraction  I,  in  which  the  pressor  and  oxytocic  hormones  were  not  destroyed. 
Hence  it  was  considered  desirable  to  utilize  at  least  this  concentration  of  the  fractions  in 
these  experiments. 

High  melanophore  hormone  Fraction  II,  prepared  from  the  posterior  lobe  of  beef 
pituitary,  was  found  by  assay  to  contain  considerable  pressor  and  oxytocic  activity 
(fig.  i).  Therefore,  this  activity  was  destroyed  by  heating  with  2  n  sodium  hydroxide 
for  I  hour  in  a  boiling  water  bath,  then  neutralizing  with  4  n  hydrochloric  acid,  and 
finally  diluting  with  buffer  solution  until  the  high  melanophore  hormone  fraction 
was  present  as  a  i  X  io“®  dilution,  (fig.  2,  curve  i).  Determinations  on  this  preparation 
were  compared  with  those  on  buffered  melanophore  containing  extract  of  the  same 
strength  which  had  not  previously  been  treated  with  alkali  and  acid  (fig.  2,  curve  2). 
Both  of  these  determinations  were  compared  with  the  O2  uptake  of  samples  contain¬ 
ing  only  the  substrate  tyrosine,  the  enzyme  tyrosinase  and  the  buffer  (fig.  2,  curve  3). 
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From  figiire  2  it  is  seen  that  with  a  high  melanophore  hormone  fraction  whose 
oxytocic  and  pressor  content  was  destroyed  by  treatment  with  alkali  there  was  a 
marked  increase  (60%)  in  O2  uptake  as  compared  to  the  control  value  for  the  sub' 
strate'Cnzyme  system  (curve  3).  The  melanophore  hormone  fraction  accelerated, 
possibly  catalytically,  tyrosine"tyrosinase  oxidation.  The  untreated  preparation 
(curve  2)  showed  only  a  16%  increase  in  O2  consumption  by  the  end  of  5^ 
hours,  indicating  the  marked  inhibitory  influence  of  the  pressor  and  oxytocic  sub' 
stances. 

In  order  to  exclude  the  possibihty  of  autolysis  as  a  factor,  freshly  removed  pitui' 
tary  glands  were  obtained  at  the  Armour  Laboratories  and  immediately  frozen  in  dry 
ice.  They  were  brought  to  the  laboratory  and  allowed  to  thaw,  and  the  anterior  and 
posterior  lobes  were  carefully  separated.  The  anterior  lobes  were  placed  in  acetone, 
allowed  to  dry,  and  finally  ground  to  a  fine  powder.  This  acetone  desiccated  powder 
was  then  extracted  in  the  manner  given  for  Fraction  I.  This  fraction  was  rich  in 
melanophore  principle  as  indicated  by  frog  injections,  and  accelerated  the  oxidation 
rate  of  the  tyrosine'tyrosinase  system  by  30%  over  the  control  system  at  the  end  of 
6  hours.  A  similar  experiment  using  anterior  whale  melanophore  hormone  Fraction 
I  also  showed  30%  increase  over  the  control  system  by  the  end  of  6  hours. 

While  the  melanophore  hormone  fractions  obtained  from  either  the  anterior  lobe 
of  sperm  whale  or  the  anterior  lobe  of  beef  cattle  show  a  marked  increase  in  the  oxi' 
dation  rate  of  the  tyrosine'tyrosinase  system,  injections  of  these  fractions  into  hypo' 
physectomized  frogs  elicit  a  marked  difference  in  response.  Apparently  then  the 
presence  of  a  high  melanophore  hormone  fraction  over  a  wide  dilution  range  will 
accentuate  the  oxidation  rate  of  the  enzyme'substrate  system. 

The  anterior  lobe  of  the  sperm  whale  pituitary  is  an  excellent  source  for  a  high 
melanophore  hormone  fraction  and  is  of  particular  value  in  that  it  is  entirely  free  of 
oxytocic  and  pressor  principles  as  contaminants  (16).  In  a  further  experiment  a  high 
melanophore  hormone  fraction  of  the  anterior  lobe  of  the  sperm  whale  was  destroyed 
by  subjecting  a  i  X  io“®  dilution  of  Fraction  I  to  the  action  of  trypsin  (i  mg.  of  1-75 
powder  in  10  cc.  of  7.33  buffer).  It  was  incubated  for  2  hours  at  38°.  The  solution 
was  then  boiled  to  destroy  the  trypsin.  The  activity  of  the  melanophore  hormone 
fraction  was  completely  destroyed,  as  determined  by  injections  into  hypophysec' 
tomized  frogs.  The  activity  of  the  tyrosine'tyrosinase  system  containing  the  inacti' 
vated  melanophore  hormone  fraction  is  shown  by  curve  2  of  figure  3.  Curve  i  of 
figure  3  represents  the  activity  of  such  a  system  containing  an  active  melanophore 
hormone  fraction  made  up  in  a  portion  of  inactivated  trypsin  solution.  In  addition, 
this  was  compared  with  a  system  containing  tyrosine'tyrosinase  plus  the  inactivated 
trypsin  solution  described  above,  the  latter  being  added  instead  of  buffer  alone,  since 
the  substrate  would  then  be  the  same  in  all  the  samples.  The  latter  system  acted  as 
a  control  and  is  represented  by  curve  3  of  figure  3. 

This  experiment  indicates  clearly  that  a  high  melanophore  hormone  fraction  does 
not  act  as  additional  substrate  for  this  sytem,  since  when  the  hormone  is  destroyed, 
the  presence  of  the  inactivated  melanophore  hormone  fraction  does  not  accelerate 
the  O2  uptake  over  the  control.  The  active  high  melanophore  hormone  fraction  causes 
an  acceleration  of  the  system,  in  this  case  34%.  This  experiment  was  conducted  at 
pH  7.33  and  shows  further  that  the  accelerating  activity  of  the  high  melanophore 
hormone  fraction  occurred  in  an  alkaline  as  well  as  in  the  acid  range.  Another  ex' 
periment  with  high  melanophore  hormone  Fraction  I  from  posterior  beef  pituitary 
gave  essentially  similar  results  at  pn  of  7.33.  A  subsequent  experiment  using  only  a 
high  melanophore  hormone  fraction  as  a  substrate  for  tyrosinase  proved  to  be  nega' 
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tive,  again  indicating  that  the  melanophore  fraction  was  not  acting  as  added  substrate 
in  the  experiments. 

A  high  melanophore  hormone,  Fraction  II,  from  the  anterior  lobe  of  sperm  whale 
was  tested  for  its  activity  on  the  tyrosine^tyrosinase  system.  It  had  greater  activity 
than  any  of  the  preparations  made  from  the  anterior  lobe  of  sperm  whale  pituitary. 
The  same  concentration  of  tyrosine,  tyrosinase  and  hormone  were  used  as  in  previous 
experiments,  at  a  pn  of  6.85.  A  high  melanophore  hormone  fraction  accelerated  the 
oxidation  rate  120%  by  the  end  of  a  4'hour  experiment.  This  experiment  proved  to 
be  an  exception  since  subsequent  experiments  have  shown  a  wide  range  of  accelera^ 


Fig.  3.  Effect  of  inactivation  of  melanophore.  Curve  i,  1.5  cc.  of  0.0033  molar  tyrosine,  0.3 
cc.  tyrosinase,  0.3  cc.  of  io~*  anterior  lobe  whale  Fraction  I  in  inactive  trypsin.  Curve  2,  same  as  curve  i 
except  melanophore  was  destroyed  by  trypsin.  Curve  3, 1.5  cc.  of  0.0033  molar  tyrosine,  0.3  cc.  tyrosinase, 
0.3  cc.  of  inactive  trypsin  in  buffer. 

tion,  namely,  23,  28,  35,  40,  60  and  80%  increases,  respectively.  These  variations  are 
chiefly  a  result  of  the  enzyme  variability  described  previously. 

The  results  obtained  with  high  melanophore  hormone  Fraction  II  of  the  anterior 
lobe  of  the  pituitary  of  sperm  whale  suggested  further  experimentation  to  determine 
what  eflfect  the  presence  of  pressor  and  oxytocic  principles  would  have  on  the  oxida' 
tion  process.  To  do  this  the  tyrosine-tyrosinase  system  was  tested  with  Fraction  II 
obtained  from  the  anterior  lobe  of  sperm  whale  and  made  up  in  a  buffer  solution.  The 
control  system  had  Fraction  II  of  the  anterior  sperm  whale  dissolved  in  standard 
posterior  pituitary  solution  (containing  the  pressor  and  oxytocic  hormones). 

Adding  standard  beef  posterior  pituitary  solution  had  a  definite  inhibitory  effect 
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(only  24%  increase,  curve  2)  as  compared  with  the  system  which  contained  a  high 
melanophore  hormone  fraction  alone  in  buffer  (56%  increase,  curve  i).  Both  showed 
an  increase  in  oxidation  rate  over  the  enzyme'substrate'buffer  control  (curve  3)  be¬ 
cause  of  the  presence  of  a  high  melanophore  hormone  fraction. 

Further  information  as  to  the  inhibitory  nature  of  the  pressor  and  oxytocic  hor¬ 
mone  was  obtained  when  it  was  found  that  0.3  cc.  of  an  acetic  acid  extract  of  the 
neural  lobe  of  the  sperm  whale,  which  contains  pressor  and  oxytocic  hormones,  but 
no  melanophore  hormone,  decreased  the  oxidation  rate  of  this  oxidase  system  12%  as 
compared  to  the  controls  by  the  end  of  a  3-hour  period. 

In  a  tyrosine-tyrosinase-high  melanophore  hormone  fraction  system  the  hormone 
is  partially  or  wholly  destroyed  during  the  oxidation  of  the  substrate.  This  was  de- 


Fig.  4.  Effect  of  addition  of  posterior  beef  standard  pituitary  solution.  Curve  i,  1.5  cc.  of 
o.oojj  molar  tyrosine,  o.j  cc.  tyrosinase,  o.j  cc.  io~’  Fraction  II  anterior  sperm  whale  melanophore  (in 
buffer).  Curve  2,  same  as  curve  i  except  Fraction  II  is  dissolved  in  standard  pituitary  solution.  Curve  3, 
1.5  cc.  of  o.ooj j  molar  tyrosine,  0.3  cc.  tyrosinase,  o.j  cc.  buffer. 

termined  by  injecting  the  resulting  melanin  product  into  hypophysectomized  frogs. 
The  addition  of  8-hydroxy-quinoline  to  the  system  prevents  the  oxidation  even  when 
a  high  melanophore  fraction  is  present. 

As  a  further  control  in  these  experiments,  and  to  determine  the  specificity  of  the 
melanophore  fraction.  Fractions  I,  II  and  III  were  prepared  from  beef  muscle,  liver, 
kidney  and  lung  tissue  in  place  of  pituitary  powders.  Inclusion  of  these  fractions  in 
the  tyrosine-tyrosinase  system  in  the  same  manner  as  the  melanophore  fractions  re¬ 
sulted  in  no  appreciable  increase  in  O2  uptake  in  the  oxidase  system.  In  fact,  they 
checked  closely  with  the  controls. 

Dihydroxyphenylalanine,  or  dopa,  is  the  first  product  formed  in  the  oxidation  of 
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tyrosine.  Dopa  itself  is  slowly  autoxidizable  in  the  alkaline  range  at  a  temperature  of 
38°  C.  When  one  includes  sperm  whale  high  melanophore  hormone  Fraction  II  in 
such  a  system  with  the  same  concentrations  of  substrate  and  hormone  as  in  the  tyro- 
sine'tyrosinase  experiments  the  effect  is  an  inhibition  of  the  oxidation  rate  of  dopa  as 
compared  to  the  controls.  This  is  exactly  contrary  to  expectations  when  one  consid' 
ers  the  effects  of  this  fraction  on  the  tyrosine-tyrosinase  system.  The  decrease  in  the 
oxidation  rate  was  highest  between  the  third  and  fourth  hours,  a  decrease  of  55% 
being  manifested  at  this  point.  At  the  end  of  the  experiment  the  resulting  melanin 
solution  was  injected  into  the  hypophysectomized  frog  and  the  hormone  was  found 
to  be  partially  or  wholly  destroyed. 


A  high  melanophore  hormone  Fraction  III  prepared  from  the  anterior  lobe  of 
finback  and  white  whale  pituitary  gland  had  an  effect  quite  opposite  to  that  of  Frac' 
tions  I  and  II  on  the  oxidase  system.  Fraction  III  differs  essentially  in  that  the  dried 
filtrate  from  the  acetic  acid  extraction  of  the  pituitary  gland  is  triturated  with  5  cc. 
of  i/io  normal  hydrochloric  acid.  This  fraction  caused  a  22%  decrease  in  tyrosine' 
tyrosinase  oxidation  as  compared  to  the  control  samples.  Thus  appeared  the  first 
evidence  of  the  presence  of  a  substance  extracted  from  pituitary  gland,  other  than 
the  pressor  and  oxytocic  substances,  which  would  cause  a  decrease  in  the  rate  of 
oxidation  of  an  oxidase  system.  Furthermore,  Fraction  III  exhibited  an  even  more 
pronounced  inhibition  of  dopa  oxidation.  The  maximum  inhibition  was  at  the  end 
of  the  second  hour,  when  a  decrease  of  140%  was  observed  (fig.  5). 

The  inhibition  of  a  slowly  oxidizing  substance  such  as  dopa  by  high  melanophore 
hormone  Fractions  II  and  III,  however,  was  not  specific  for  pituitary  gland  extracts. 
Fractions  II  and  III  prepared  from  lung,  liver,  kidney  and  muscle  also  inhibited  dopa 
autoxidation,  but  to  a  much  less  degree,  possibly  acting  only  as  contaminants. 
The  maximal  inhibition  of  dopa  oxidation  by  tissue  fractions  was  as  follows. 

(a)  Muscle  Fractions  II  and  III  showed  8%  inhibition  by  the  6th  hour. 
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(b)  Liver  Fractions  II  and  III  showed  20%  inhibition  by  the  6th  hour. 

(c)  Lung  Fraction  III  showed  13%  inhibition  by  the  fourth  hour. 

(d)  Fraction  I  of  these  organs  had  little  or  no  effect. 

The  experiments  up  to  this  point  appear  to  suggest  that  there  exists  a  substance 
in  pituitary  fractions  high  in  melanophore  hormone  activity  which  accelerates  the 
oxidation  of  tyrosine  by  tyrosinase.  However,  if  these  pituitary  fractions  are  prepared 
as  Fraction  III,  an  inhibition  of  tyrosine-tyrosinase  oxidation  occurs,  as  well  as  a 
marked  inhibition  of  slowly  autoxidizable  dopa  solutions.  Extracts  made  from  other 
organs  in  a  manner  similar  to  the  pituitary  fractions  do  not  have  an  effect  on  tyrosine- 
tyrosinase  oxidation.  However,  extracts  of  other  organs  did  inhibit  dopa  oxidation 
but  to  a  minor  degree  when  compared  with  Fraction  III  prepared  from  whale  anterior 
pituitary  glands.  That  two  such  diametrically  opposite  effects  should  be  obtained 
with  dopa  and  tyrosine  oxidation  is  difficult  to  explain  on  the  basis  of  the  kinetics  of 
the  reaction  elaborated  by  Raper.  The  substances  responsible  for  these  diverse  ac¬ 
tivities  were  obtained  by  changing  the  extraction  procedures,  as  indicated  by  Fraction 
II  and  III  in  table  i .  Experimental  procedures  are  now  in  progress  in  an  attempt  to  fur¬ 
ther  differentiate  the  activities  of  the  fractions. 

DISCUSSION 

The  results  reported  here  show  that  high  melanophore  hormone  Fractions  I  and 

II  increased  the  rate  of  oxidation  of  a  tyrosine-tyrosinase  system.  This  oxidase  system 
was  inhibited  by  the  presence  of  pressor  and  oxytocic  hormones,  as  well  as  by  Frac¬ 
tion  III  from  anterior  lobes.  Figge’s  (7)  indirect  evidence  for  the  existence  of  tyro¬ 
sinase  in  amphibian  larvae  would  be  in  harmony  with  the  accelerator  effect  of  a  high 
melanophore  hormone  fraction  on  the  oxidation  of  a  tyrosine-tyrosinase  system  in 
in  vitro  experiments. 

Several  possibilities  appear  evident.  A  hormone  appears  to  be  present  which  ac¬ 
celerates  enzymatic  oxidation  such  as  that  of  tyrosinase.  Another  substance  is  present 
in  these  fractions  which  inhibits  the  self-oxidation  of  dihydroxyphenylalanine.  How¬ 
ever,  both  the  depressant  from  the  pituitary  and  the  other  organ  extracts  decrease 
the  self-oxidation  of  dopa,  the  organ  extracts  to  a  much  less  degree  than  Fraction 

III  prepared  from  anterior  pituitary  lobes.  Also  it  is  conceivable  that  the  inhibitory 
factor  may  have  been  formed  during  the  extraction. 

The  experiments  showing  the  acceleration  of  an  oxidase  system  by  the  addition 
of  dilutions  of  high  melanophore  hormone  fractions  agrees  with  the  results  of  Collip 
and  his  coworkers  who  observed  metabolic  stimulation  as  a  result  of  injection  of  vari¬ 
ous  pituitary  extracts  into  operated  animals.  However,  there  are  other  considerations 
to  be  made  which  do  not  simplify  any  conclusions  which  might  be  drawn. 

Teague  (la)  obtained  a  significant  increase  in  O2  consumption  in  18  of  45  experi¬ 
ments  when  operated  rats  were  injected  with  extracts  rich  in  melanophore  hormone. 
However,  no  significant  change  was  found  in  27  experiments,  and  in  a  few  experi¬ 
ments  there  was  actually  a  decrease  in  metabolism.  In  general  he  had  to  inject  very 
large  doses  to  obtain  a  significant  metabolic  increase,  doses  which  were  entirely  out 
of  the  physiological  range  for  the  melanophore  hormone.  The  marked  decrease  in 
the  autoxidation  of  dopa  and  of  tyrosine-tyrosinase  oxidation  with  Fraction  III  may 
account  for  Teague’s  results,  in  which  he  actually  obtained  a  decrease  in  metabolism 
of  some  animals  and  no  significant  change  in  27  of  45  experiments,  if  one  is  permitted 
to  translate  results  of  in  vitro  experimentation  to  animal  experimentation. 

SUMMARY 

High  melanophore  hormone  fractions  (I,  II,  III)  have  been  obtained  which  caused 
a  marked  pigment  dispersion  for  24  hours  after  the  injection  of  i  cc.  of  a  i  X  io“® 
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dilution  into  the  hypophysectomized  frog.  By  definition  these  fractions  are  referred 
to  as  high  melanophore  hormone  fractions  because  they  give  a  marked  physiological 
response  in  hypophysectomized  frogs  when  injected  in  high  dilutions. 

Fractions  I  and  II  produced  a  marked  acceleration  of  the  oxidase  system  tyrosine^ 
tyrosinase. 

Fraction  III  which  was  prepared  from  the  anterior  lobe  of  the  finback  and  the 
white  whale  pituitary  caused  a  marked  decrease  (140%)  in  dopa  autoxidation,  as  well 
as  tyrosine-tyrosinase  oxidation  (22%).  The  possibility  of  the  formation  of  this 
inhibitor  during  chemical  manipulation  must  be  considered. 

The  pressor  hormone  and,  perhaps,  the  oxytocic  hormone  appear  to  inhibit  the 
oxidase  system  tyrosine-tyrosinase.  However,  a  fraction  has  been  obtained  from  the 
anterior  pituitary  lobe  which  also  caused  an  inhibition  of  tyrosine'tyrosinase  oxida- 
tion.  It  may  be  this  factor,  present  in  both  lobes,  which  inhibits  the  oxidative  process, 
as  well  as  the  pressor  and  oxytocic  hormones. 

Liver,  kidney,  lung  and  muscle  extracts  had  no  effect  on  the  tyrosine'tyrosinase 
system.  These  same  extracts  had  much  less  inhibitory  effect  on  dopa  oxidation  than 
did  the  pituitary  fractions. 

The  author  wishes  to  express  his  appreciation  for  advice  and  criticism  to  Dr.  E.  M.  K.  Ceiling  of 
the  Department  of  Pharmacology  under  whose  direction  this  work  was  completed,  and  to  Dr.  Barron  of 
the  Lasker  Foundation  of  the  University  of  Chicago,  who  extended  the  facilities  of  his  laboratory  for  a 
part  of  this  research. 
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IN  1921  Mellanby  and  Mellanby  (i)  reported  a  distinct  improvement  in  cases 
of  exophthalmic  goiter  kept  on  a  diet  rich  in  cod  liver  oil  and  low  in  fats.  Their 
patients  gained  from  4  to  13  lb.  and  while  no  figures  were  published,  were  said 
to  show  a  lowered  B.M.R.  This  they  attributed  to  the  iodine,  rather  than  the  vita' 
min  content  of  the  cod  liver  oil.  McCarrison  (2)  in  1923  observed  delayed  meta' 
morphosis  in  tadpoles  on  a  high  iodine  intake  when  given  large  doses  of  cod  liver  oil. 
These  two  observations,  whose  significance  was  not  fully  appreciated  at  the  time, 
strongly  suggest  an  antagonism  between-  thyroxin  and  vitamin  A. 

Abelin,  Knuchel  and  Spechter  (3)  helped  greatly  to  clarify  this  relationship  when  they 
found  that  preparations  containing  large  quantities  of  vitamins  A  and  D  prevented  the 
fall  in  muscle  and  liver  glycogen  ordinarily  brought  on  by  feeding  thyroid  to  male  white 
rats.  Similarly  in  the  same  animals  large  amounts  of  egg  yolk  and  yeast  in  the  diet  seemingly 
reduced  the  effect  of  thyroid  upon  the  B.M.R.  to  about  one-half  of  its  usual  value.  A  tem¬ 
porary  cessation  of  weight  loss  in  hyperthyroid  rats  was  reported  by  Loumos  (4)  when  these 
animals  were  given  cod  liver  oil,  an  action  attributed  to  vitamins  A  and  D. 

Proof  that  vitamin  A  alone,  administered  as  carotene,  could  act  as  an  antagonist  to  the 
thyroid  hormone  was  definitely  obtained  in  1932  by  Euler  and  Klussmann.(5)-  White  rats 
fed  large  amounts  of  carotene  and  treated  with  thyroxin  lost  no  weight,  as  would  be  ex¬ 
pected,  on  thyroxin  alone. 

Once  this  relationship  was  established  ancillary  problems  suggested  themselves  to  many 
investigators.  All  agreed  that  the  weight  loss  so  readily  produced  by  thyroxin  administra¬ 
tion  could  be  prevented  completely  or  in  part  by  giving  at  the  same  time  large  doses  of 
vitamin  A  in  one  form  or  another.  This  was  found  to  be  true  in  rats  (3,  6-10),  in  thyroid- 
ectomized  guinea  pigs  (ii)  and  in  man  (12).  Similarly  it  was  demonstrated  that  the  ability 
of  thyroxin  to  stimulate  oxygen  consumption  was  substantially  reduced  by  vitamin  A  in 
rats  (7, 10, 13).  Chevalier  and  Baert  (14)  reported  that  vitamin  A  alone  lowers  the  metabolism 
of  rats  and  guinea  pigs  9  to  16%,  although  Sherwood  (15),  using  cod  liver  oil  and  viosterol, 
denies  this  for  the  rat.  The  hastening  of  amphibian  metamorphosis  by  thyroxin  is  also  greatly 
retarded  by  vitamin  A  both  in  tadpoles  (16)  and  in  salamander  larvae  (17). 

As  to  the  effect  of  thyroxin  upon  carbohydrate  and  fat  metabolism  there  is  less  agree¬ 
ment.  Steffen  and  Zois  (9)  could  detect  no  change  in  the  liver  and  muscle  glycogen  of  the 
rat  after  thyroxin  combined  with  large  doses  of  vitamin  A.  The  liver  fat  and  glycogen  of 
rats  behaved  in  the  same  way  according  to  Fasold  and  Peters  (6).  Schneider  and  Widmann 
(11)  found  that  the  liver  glyocgen  of  thyroidectomised  guinea  pigs  still  fell  after  thyroxin 
even  when  massive  doses  of  carotene  were  given.  However,  David  (8)  maintained  there  was 
no  reduction  in  the  muscle  and  heart  glycogen  of  the  rat  when  large  doses  of  vitamin  A  were 
combined  with  thyroxin.  Mention  has  already  been  made  of  a  somewhat  similar  result  (3) 
on  the  liver  and  muscle  glycogen  of  rats. 

As  to  creatine  metabolism  David  (8)  again  claims  that  large  doses  of  vitamin  A  prevent 
the  fall  in  muscle  and  heart  creatine  on  administration  of  thyroxin.  Fischer  and  Oehme  (18) 
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observed  a  reduction  in  the  creatinuria  of  hyperthyroidism  when  vitamin  A  was  given. 
However  Steffan  and  Zois  (9)  report  that  the  creatinuria  of  hyperthyroidism  is  not  decreased 
by  vitamin  A  in  guinea  pigs. 

Further  examples  of  vitamin  A  and  thyroxin  antagonism  have  been  reported.  The 
protection  ordinarily  conferred  by  thyroxin  upon  rats  against  poisoning  with  acetonitril 
(Reid  Hunt  reaction)  is  lost  after  large  doses  of  vitamin  A  (17).  According  to  Torok  and  Neu' 
feld  (19)  a  fall  in  serum  lipase  after  thyroxin  treatment  is  temporarily  prevented  when 
massive  doses  of  vitamin  A,  apparently  given  as  cod  liver  oil,  are  administerd  simultaneously. 
The  effect  lasts  only  a  few  days  and  even  with  continued  administration  of  vitamin  A  the 
serum  lipase  eventually  does  fall.  Mosonyi  (20)  reports  that  after  thyroxin  the  liver  and 
adrenals  of  guinea  pigs  lose  their  store  of  vitamin  C  but  that  vitamin  A  is  able  to  prevent 
this. 

Other  workers  have  observed  a  direct  effect  of  vitamin  A  on  the  thyroid  gland  itself. 
Sherwood  (15)  noted  colloid  depletion  when  large  doses  of  cod  liver  oil  were  given  to  rats. 
Sherwood  and  Luckner  (21)  repeated  the  experiment  using  haliver  oil  and  caritol  with  the 
same  result.  Caplan  and  Sampson  (22)  observed  that  vitamin  A  deficiency  produced  thyroid 
hypertrophy  in  female  white  rats  and  thyroid  atrophy  in  males.  Sure  and  Buchanan  (23) 
reported  an  increased  need  for  vitamin  A  during  hyperthyroidism  as  judged  by  the  ease 
with  which  xerophthalmia  developed  in  the  hyperthyroid  rat.  However,  they  definitely 
did  not  ascribe  any  antithyrogenic  action  to  vitamin  A. 

Clinical  studies  (12,  24)  on  the  treatment  of  hyperthyroidism  in  man  with  large  doses 
of  vitamin  A  have  had  favorable  results.  Wendt  observed  in  3  cases  a  marked  drop  in  B.M.R. 
when  hyperthyroid  patients  were  given  145,000  u  of  vitamin  A  a  day  for  several  weeks. 
A  survey  of  dark  adaptation  (25)  in  patients  suffering  from  both  hypO'  and  hyperthyroidism 
shows  that  it  is  pathological  in  both  conditions,  indicating  a  deficiency  of  vitamin  A. 

It  is  possible  to  produce  hypervitaminosis  A  in  rats  if  large  daily  doses  ranging  from 
8,000  to  40,000  i.u.  are  given  (26,  27).  The  signs  are  loss  of  fur,  loss  of  weight,  reddening 
and  swelling  of  the  eyelids  and  eventual  death.  Drigalski  and  Laubmann  (28)  further 
demonstrated  calcification  and  necrosis  of  the  liver  as  well  as  pathological  changes  in  the 
parenchyma  of  the  liver  and  spleen  in  the  treated  rats  after  death.  Apparently  a  similar  state 
cannot  be  produced  with  massive  doses  of  carotene  although  the  signs  of  hypervitaminosis 
A  in  rats  can  be  abolished  by  injection  of  thyroxin  (6). 

Studies  have  also  been  made  on  the  relationship  between  vitamin  A  and  the  thyrotropic 
hormone.  In  the  main  they  bear  out  what  has  been  previously  discussed.  The  histological 
changes  produced  in  the  thyroid  gland  of  guinea  pigs  by  the  thyrotropic  hormone  are  said 
not  to  occur  when  large  doses  of  vitamin  A  are  given  simultaneously  (29,  30).  In  guinea 
pigs  vitamin  A  is  said  to  offer  no  protection  against  a  fall  in  liver  and  muscle  glycogen  nor 
to  the  creatinuria  produced  by  the  thyrotropic  hormone.  In  a  recent  study  Schulze  and 
Hundhausen  (31)  observed  an  increase  in  the  thyrotropic  activity  of  the  rat  hypophysis 
during  vitamin  A  deficiency.  Conversely  a  high  vitamin  A  diet  led  to  a  reduction  in  the 
thyroid  stimulating  capacity  of  the  hypophysis. 

METHODS 

Virtually  all  of  the  work  on  the  relationship  between  thyroxin  and  vitamin  A 
with  the  exception  of  the  clinical  studies  has  been  done  upon  rats  and  guinea  pigs. 
The  antagonistic  action  of  vitamin  A  on  the  metabolic  effect  of  thyroxin  has  also, 
with  one  clinical  exception,  been  demonstrated  exclusively  on  rats.  As  to  the  effect 
of  vitamin  A  on  the  R.Q.  of  hyperthyroid  animals  there  is  to  date  only  one  report. 
Rappai  and  Rosenfeld  state  there  is  no  appreciable  change  in  the  fasting  R.Q.  of 
hyperthyroid  rats  after  vitamin  A. 

Most  of  the  German  workers  administered  vitamin  A  as  ‘Vogan,’  a  commercial 
preparation  manufactured  from  fish  liver  oil  and  assaying  40,000  i.u.  per  cc.  Some 
investigators  have  used  carotene.  So  far  as  one  can  tell  there  is  no  detectable  difference 
between  the  effect  of  the  pro-vitamin  and  the  vitamin.  A  survey  of  the  dosages  em- 
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ployed  by  all  investigators  gives  a  range  from  40  i.u.  to  180  i.u.  for  each  gamma 
(0.001  mg.)  of  thyroxin. 

In  our  experiments  the  O2  consumption  of  6  male  cats  was  determined  before 
and  after  treatment  with  thyroxin,  either  alone  or  in  conjunction  with  carotene. 
The  cats  were  kept  in  cages  during  the  night  but  for  the  most  part  had  the  run  of 
the  room  during  the  day.  Throughout  the  course  of  the  experiments  from  December 
to  May  their  condition  remained  excellent.  They  were  fed  a  varied  diet  consisting 
of  liver  one  day  a  week  and  either  salmon,  milk  or  food  pellets  with  vitamins  added 
on  other  days.  They  all  appeared  to  relish  their  food.  The  temperature  of  the  room 
was  kept  within  a  degree  or  so  of  24°  C.,  except  on  a  few  of  the  very  coldest  days  of 
the  winter  when  it  unavoidably  dropped  somewhat.  Oxygen  consumptions  upon 
these  days  were  definitely  higher  than  usual.  Consequently  no  experimentation  was 
done. 

Control  basal  O2  consumptions  were  established  for  each  cat  before  any  treat¬ 
ment  was  attempted.  Subsequently  checks  were  made  at  frequent  intervals.  Once  a 
control  value  was  determined  the  cat  was  given  3  daily  doses  of  2  mg.  of  synthetic 
thyroxin  (Roche-Organon)  intraabdominally.  On  the  second  day  after  the  last  dose 
the  basal  O2  consumption  was  again  determined.  The  second  day  was  chosen  arbi¬ 
trarily  as  it  allowed  ample  opportunity  for  the  thyroxin  to  develop  its  maximum 
effect.  As  was  to  be  expected  all  cats  showed  a  marked  rise  in  O2  consumption  under 
the  influence  of  thyroxin.  After  a  minimum  recovery  period  of  3  weeks  we  proceeded 
to  the  next  stage  of  the  experiment.  During  this  interval  the  weight  of  the  cat  re¬ 
turned  to  something  near  its  original  value.  A  final  check  determined  whether  the 
O2  consumption  had  also  returned  to  its  control  level.  After  this,  thyroxin  injections 
were  repeated  as  before  combining  each  injection  with  the  oral  administration  of 
5  to  6  cc.  of  carotene  in  oil  (Smaco).  Again  on  the  second  day  after  the  last  dose  the 
basal  O2  consumption  and  the  R.Q.  were  determined  to  be  compared  with  the 
values  obtained  with  thyroxin  alone. 

The  carotene  used  assayed  a  little  more  than  7,000  U.S.P.  units  of  vitamin  A 
equivalents  per  cc.  This  made  the  daily  dose  to  our  cats  about  39,000  u  per  day  or 
115,000  u  for  3  days.  The  ratio  of  vitamin  to  thyroxin  is  approximately  19.5  U.S.P. 
units  to  17  of  thyroxin.  This  is  about  one-half  the  lowest  ratio  used  in  any  other 
previously  successful  experiment  where  such  data  is  available.  Since  this  ratio  gave 
positive  results  no  attempt  was  made  to  administer  the  carotene  in  more  concentrated 
form. 

Careful  check  was  kept  on  the  weights  of  the  cats  throughout  the  entire  series  of 
experiments.  All  weighings  were  made  while  the  animals  were  in  a  basal  condition, 
that  is,  after  at  least  a  i6'hour  fast. 

The  O2  consumption  and  R.Q.  were  determined  by  sampling  the  air  issuing  from 
an  open-circuit  metabolism  box.  The  rate  of  flow  was  so  adjusted  that  the  sample 
contained  between  2  and  3%  CO2.  The  size  of  the  box,  approximately  2,300  cu.  in., 
was  such  that  the  cat  was  not  cramped  for  space  nor  could  it  move  about  freely. 
After  a  few  preliminary  trials  the  animals  learned  to  take  the  test  quietly.  Many  of 
them  slept  throughout  the  course  of  the  run.  Samples  of  air  were  taken  from  the  box 
with  a  Bailey  bottle.  The  air  was  supplied  to  the  metabolism  box  by  a  large  spirometer 
and  the  amount  of  air  so  supplied  accurately  measured  by  a  standard  gas  meter.  Later, 
after  calibration,  the  rate  of  air  flow  could  be  calculated  from  the  fall  of  the  spirometer 
ball.  The  temperature  of  the  box  was  kept  constant  and  at  room  temperature  (23°  C. 
to  25°  C.)  by  submerging  it  in  a  water  bath.  Animals  were  always  weighed  prior  to 
the  test  and  were  without  food  16  to  20  hours.  The  air  samples  were  analyzed  with  a 
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Haldane-Henderson  apparatus.  In  all  cases  duplicate  analyses  were  made.  Daily 
checks  against  rcx)m  air  determined  the  accuracy  of  the  machine. 

The  experimental  results  are  presented  in  table  i.  All  the  data  collected  are  given 
in  the  table.  In  the  control  columns  are  shown  the  results  of  individual  determinations 
on  6  different  cats.  The  results  of  successive  tests  on  each  cat  are  shown  reading 
across  the  table  from  left  to  right.  In  the  determinations  on  cats  treated  with  thyroxin 
and  with  thyroxin  combined  with  carotene  the  percentage  given  after  the  weight 
refers  to  the  weight  of  the  cat  expressed  as  a  percentage  of  the  control  weight.  The 

Table  i.  Effect  of  thyroxin  alone  and  thyroxin  combined  with  carotene  on 

WEIGHT,  O2  CONSUMPTION,  AND  R.Q.  OF  6  MALE  CATS 


Standard  deviation  calculated  according  to  the  formula  a= 


Standard  error  of  the  mean  calculated  according  to  formula  ym— SEm~d:'  ~ 

VN 

If  twice  the  square  root  of  the  sum  of  the  squares  of  the  two  standard  errors  the  mean  is  less  than  the  difference  between  the 
means  the  difference  is  probably  significant. 

Statistical  data  calculated  according  to  formulas  in  Statistical  Methods  in  Biology,  Medicine  and  Psychology,  Davenport  and 
Ekas,  John  Wiley  and  Sons,  1936. 

percentages  after  the  O2  consumptions  refer  to  the  percentage  increase  in  O2  con^ 
sumption  as  compared  to  the  O2  consumption  of  the  control  test.  The  formulas  used 
in  computing  the  standard  deviations  and  the  standard  errors  are  given  at  the  foot 
of  the  table. 

The  mean  O2  consumption  of  the  controls  expressed  in  cc.  per  minute  per  kg.  of 
body  weight  is  8.29  cc./min./kg.  and  the  mean  R.Q.  is  0.74  as  shown  in  table  i. 
The  mean  O2  consumption  on  the  second  day  after  3  successive  injections  of  2  mg. 
of  thyroxin  is  12.27  cc./min./kg.  and  the  R.Q.  is  0.705.  This  represents  a  mean  rise 
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in  O2  consumption  of  45.74.  At  the  same  time  the  mean  weight  falls  to  94.8%  of  the 
control  value. 

When  the  same  dose  of  thyroxin  is  now  combined  with  3  daily  doses  of  5  to  6  cc. 
of  carotene  in  oil  the  results  are  quite  different.  The  mean  O2  consumption  is  now 
only  25.4%  above  the  control  value,  a  decrease  from  45.74%  with  thyroxin  alone, 
while  the  R.Q.  of  0.705  is  virtually  the  same  as  before.  Therefore,  under  the  influence 
of  vitamin  A  the  effect  of  thyroxin  upon  O2  consumption  is  little  more  than  half  as 
great  as  when  thyroxin  is  given  alone.  The  R.Q.  of  the  vitamin  A  treated  cats  may 
be  considered  the  same  as  that  of  the  hyperthyroid  animals.  The  statistical  analysis 
of  the  data  reveals  that  the  difference  between  the  O2  consumption  of  hyperthyroid 
and  vitamin  A  treated  cats  is  significant. 

Stress  must  be  laid  on  the  fact  that  in  hyperthyroid  cats  vitamin  A  does  not 
prevent  the  weight  loss  following  administration  of  thyroxin.  In  both  series  the 
weights  fell  about  5%  on  the  average.  This  is  contrary  to  the  findings  of  all  previous 
workers  in  the  field.  The  following  is  offered  in  explanation.  Most  of  the  other  work 
has  been  done  upon  rats  and  the  treatment  with  vitamin  A  extended  over  a  longer 
period  of  time,  usually  for  3  weeks  or  more,  than  is  the  case  in  our  experiments.  This 
alone  may  account  for  the  difference  as  our  experiments  might  be  considered  acute 
in  that  they  lasted  only  3  days.  Logoras  and  Drummond  (10)  report  in  their  experi' 
ments  that  male  white  rats  continued  to  lose  weight  when  given  thyroxin  and  vita- 
min  A,  although  in  this  case  the  amount  of  weight  loss  was  reduced  as  compared  to 
that  seen  with  thyroxin  alone.  Our  experiments  were  all  carried  out  on  male  cats. 
Whether  this  in  any  way  influenced  the  results  could  only  be  told  after  a  similar  study 
upon  female  cats.  In  our  experiments  the  dosage  of  vitamin  A  was  also  low  compared 
to  other  workers.  Comment  has  already  been  made  upon  this.  Nevertheless,  in  spite 
of  the  failure  to  check  the  weight  loss  the  amount  of  carotene  used  is  still  capable  of 
partially  antagonizing  the  action  of  thyroxin.  Possibly  the  failure  of  Sure  and  Bu- 
chanan  (23)  to  show  an  antithyrogenic  action  on  the  part  of  vitamin  A  was  due  to  the 
low  dose  of  vitamin  employed.  According  to  their  published  figures  they  employed 
2^  i.u.  of  vitamin  A  to  17  of  thyroxin. 

The  percentage  changes  in  O2  consumption  after  vitamin  A  and  thyroxin  are 
about  the  same  order  of  magnitude  as  reported  for  other  mammals.  Abelin  (7)  found 
that  in  the  rat  thyroxin  alone  increased  O2  consumption  50%  but  combined  with 
vitamin  A  the  rise  was  only  20%.  Rappai  and  Rosenfeld  (13)  observed  that  thyroxin 
increased  the  O2  consumption  of  white  rats  42.4%  but  when  combined  with  vitamin 
A  this  was  only  13%.  With  carotene  the  rise  was  10%.  It  is  doubtful  if  the  difference 
is  of  any  significance.  Logoras  and  Drummond  (10)  report  an  average  rise  in  O2  con' 
sumption  of  49.4%  in  the  rat  given  thyroxin,  the  same  dose  of  thyroxin  combined 
with  vitamin  A  giving  only  25.5%.  Wendt  (12)  in  his  clinical  studies  reported  on 
3  cases  of  hyperthyroidism  where  the  B.M.R.  was  reduced  on  the  average  from  46% 
to  20.5%.  The  only  previous  study  of  the  effect  of  vitamin  A  upon  the  R.Q.  of 
experimental  hyperthyroidism  was  by  Rappai  and  Rosenfeld  (13)  in  the  rat  in  which 
they  reported  no  appreciable  change. 

We  are  not  prepared  to  venture  an  opinion  as  to  the  mechanism  whereby  this 
effect  is  produced.  TTie  lack  of  a  significant  difference  between  the  R.Q.  of  the  hyper- 
thyroid  cats  and  the  vitamin  A  treated  cats  might  indicate  that  the  vitamin  did  not 
selectively  affect  the  metabolism  of  any  one  type  of  foodstuff.  Most  investigators, 
however,  seem  to  feel  that  the  effect  of  thyroxin  on  liver  and  muscle  glycogen  is  not 
abolished  or  even  reduced  by  vitamin  A.  In  the  case  of  creatine  metabolism  on  the 
other  hand,  while  opinion  is  not  unanimous,  the  majority  incline  to  the  view  that 
increase  in  creatinine  metabolism  brought  on  by  thyroxin  is  prevented  by  large  doses 
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of  vitamin  A.  More  work  is  needed  on  these  points  before  any  definite  conclusion 
can  be  drawn. 

Other  workers  in  the  field  have  held  varying  opinions  as  to  the  mechanism  of  this 
antagonism.  An  early  indication  of  this  relationship  was  the  observation  (32)  that 
the  milk  of  thyroidectomised  goats  remained  yellow.  This  was  attributed  to  the 
presence  of  a  lipochrome  pigment  which  undoubtedly  was  carotene  in  the  milk. 
Therefore,  in  the  absence  of  the  thyroid,  goats  converted  less  carotene  into  vitamin 
A.  Recently  Wohl  and  Feldman  (25)  have  obtained  more  convincing  evidence  of  this. 
Dark  adaptation  in  hypothyroid  patients  is  markedly  retarded,  a  conclusive  sign  of 
vitamin  A  deficiency.  The  same  result  was  also  noted  with  hyperthyroids.  However, 
here  the  deficiency  is  not  due  to  a  failure  to  manufacture  vitamin  A  but  to  its  de' 
struction  in  the  body.  As  Euler  (33)  has  shown  thyroxin  can  bind  carotene  cob 
loidally.  Therefore,  it  could  act  to  retard  the  formation  of  vitamin  A  from  carotene. 
Abelin  (34)  has  shown  that  in  vitro  mixtures  of  carotene  and  thyroxin  decrease  the 
amount  of  thyroxin  present  by  as  much  as  19%.  Thyroxin  can  also  reduce  liver 
carotene  sometimes  to  zero  (34)  and  thereby  retard  the  formation  of  vitamin  A. 
Fasold  and  Peters  (66)  believe  this  is  due  to  a  more  rapid  formation  of  vitamin  A  from 
carotene.  Schneider  and  Widmann  (ii)  say,  however,  that  the  amount  of  carotene  is 
actually  increased  in  the  liver  of  thyroidectomised  guinea  pigs  made  hyperthyroid 
by  thyroxin  injections.  They  found  no  carotene  and  very  little  vitamin  A  in  the 
livers  of  hyperthyroid  rats.  They  believe  the  loss  of  vitamin  A  in  the  liver  during 
hyperthyroidism  due  to  an  increased  vitamin  A  metabolism.  Sure  and  Buchanan  (23) 
report  an  increased  need  for  vitamin  A  during  hyperthyroidism.  On  the  other  hand 
Logoras  and  Drummond  (10)  say  there  is  no  loss  of  vitamin  A  from  the  liver  of  rats 
during  hyperthyroidism. 

Sherwood  (15)  believes  that  vitamin  A  is  capable  of  exerting  a  direct  effect  upon 
the  thyroid  itself.  On  the  other  hand  Schulze  and  Hundhausen  (31)  maintain  that 
vitamin  A  directly  affects  the  hypophysis  and  so  alters  the  activity  of  the  thyroid. 
There  is  a  substantial  body  of  evidence  that  vitamin  A  antagonizes  the  action  of  the 
thyrotropic  hormone  on  the  thyroid.  Seemingly  vitamin  A  may  act  upon  the  hy¬ 
pophysis  to  modify  the  release  of  thyrotropic  hormone,  on  the  thyroid  itself  to  vary 
the  production  of  thyroxin,  or  peripherally  modifying  the  effects  of  thyroxin  on 
the  tissues. 

Abelin  (7)  stated  that  the  antagonism  was  due  to  the  opposing  effect  of  the  two 
on  lipid  and  glycogen  metabolism  of  the  liver.  Wendt  (12)  favors  the  view  on  the 
basis  of  his  clinical  work  that  thyroxin  is  necessary  to  bring  about  a  conversion  of 
carotene  into  vitamin  A  in  the  liver.  According  to  this  hypothesis  the  increase  in 
metabolism  brought  on  by  thyroxin  is  due  in  part  to  a  vitamin  A  deficiency.  Anderson 
and  Soley  (35)  report  carotenemia  in  patients  with  hypothyroidism  while  Parhon 
and  Werner  (36)  observed  a  fall  in  the  blood  carotene  of  ducks  after  administration 
of  thyrotropic  hormone. 

SUMMARY 

Male  cats  when  given  3  daily  doses  of  thyroxin  (2  mg.)  combined  with  3  daily 
doses  of  carotene  (39,000  U.S.P.  units)  responded  as  follows. 

The  basal  oxygen  consumption  rose  on  the  average  only  25.4%  above  the  control 
value  as  compared  to  a  rise  of  45.74%  when  thyroxin  alone  was  given. 

The  R.Q.  was  0.71  as  compared  to  0.74  in  the  controls  and  0.705  in  the  same 
animals  when  treated  with  thyroxin  alone. 

The  weight  loss  was  on  the  average  5%,  the  same  as  when  the  cats  were  given 
thyroxin  alone. 
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PROTECTION  OF  MICE  AGAINST  POTASSIUM 
POISONING  BY  CORTICOADRENAL  HORMONES 


RICHARD  TRUSZKOWSKI  and  JANINA  DUSZYNSKA 
From  the  Department  of  Hormone  and  Vitamin  Assay,  State  Hygiene  Institute 

WARSAW,  POLAND 


IT  HAS  BEEN  SHOWN  by  Zwcmcr  and  Trusdcowski  (i)  that  cortin  protects  mice 
against  poisoning  by  potassium.  The  number  of  animals  in  these  experiments, 
however,  was  too  small  to  permit  a  statistical  evaluation  of  the  results  which 
thus  have  only  a  qualitative  significance. 

The  present  paper  describes  the  results  of  an  investigation  of  corticoadrenal- 
potassium  correlations  in  immature  male  mice,  involving  the  determination  of  the 
50%  lethal  dose  (L.D.  50%)  of  KCl  for  over  800  mice. 

In  spite  of  the  large  amount  of  work  done  dealing  with  cortico  adrenal  insuffi' 
ciency,  investigators  are  still  far  from  a  unanimous  opinion  concerning  the  cause  of 
the  symptoms  of  this  condition.  The  view  originally  held  (2-5)  that  these  symptoms 
may  be  related  to  low  blood  Na,  is  no  longer  tenable,  and  was  abandoned  by  Kendall 
and  his  school  after  they  found  K  salts  to  be  toxic  to  adrenalectomized  dogs  (6). 
Zwemer  and  Truszkowski  (7, 8, 9)  on  the  basis  of  extensive  studies  of  blood  and  mus' 
cle  K  in  cats,  advanced  the  view  that  the  symptoms  of  corticoadrenal  insufiiciency 
are,  in  many  respects,  identical  with  those  of  K  poisoning,  and  subsequent  work  (10), 
has  tended  to  confirm  this  view. 

Britton  and  Silvette  (11,12)  still  adhere  to  the  opinion  that  the  most  fundamental 
change  in  corticoadrenal  insuflficiency  is  a  disturbance  of  carbohydrate  metabolism, 
but  certain  recent  work  by  Kendall  (13)  points  to  the  possibility  that  this  may  be 
secondary  to  the  disturbance  of  K  regulation. 

According  to  Verzar  the  various  symptoms  of  corticoadrenal  insufficiency  are 
related  to  an  impossibility  of  phosphorylating  riboflavin,  with  production  of  yellow 
respiratory  enzyme  (14);  this  explanation  has  not,  however,  been  reconciled  with  the 
fact  that  adrenalectomized  animals  have  been  maintained  almost  indefinitely  on  a 
high  Na  diet.  It  is  difficult  to  conceive  that  synthesis  of  yellow  enzyme  depends  on 
high  Na  intake,  or  that  Na  could  replace  this  enzyme. 

If  disordered  K  metabolism  is  indeed  the  primary  defect  of  corticoadrenal  insuffi' 
ciency,  it  might  be  expected  that  (a),  the  L.D.  50%  for  K  salts  injected  into  mice  fob 
lowing  adrenalectomy  should  be  lower  than  with  normal  mice,  (b),  it  should  be  re' 
stored  to  normal  by  administration  of  cortical  hormone  to  adrenalectomized  mice, 
(c),  it  should  be  raised  in  normal  mice  by  administration  of  cortical  hormone,  to  an 
extent  proportional,  within  certain  limits,  to  the  dose  and  (d),  it  should  not  be  af' 
fected  by  a  dummy  operation  involving  the  same  surgical  trauma  as  with  adrenalec' 
tomy. 


L 


EXPERIMENTAL 


Animal  material.  The  mice  were  taken  from  the  State  Hygiene  Institute’s  inbred 
albino  mouse  colony  and  represented  a  highly  homogeneous  stock.  Four-week'old 
males,  7  to  9  gm.  in  weight,  were  transferred  to  the  laboratory,  and  taken  for  the 
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experiments  when  they  weighed  8.5  to  12.5  gm.  Intraperitoneal  injections  of  2.5  or 
5%  KCl  were  given,  and  the  number  of  animals  dying  at  each  dosage  level  was  as' 
certained.  Lethal  doses  usually  caused  death  within  5  to  10  min.;  animals  surviving 
15  min.  showed  no  further  ill  effects.  The  L.D.  50%  was  evaluated  by  Behrens’ 
method,  according  to  which  it  is  assumed  that  the  animals  dying  in  each  group  would 


Table  i.  Determination  of  dose  of  KCl  causing  50%  mortality  of  injected  mice, 

IN  VARIOUS  CONDITIONS 


Dose  of 
KCl, 

mg./ 10  gm. 
body  wt. 

No. 
mice  in 
group 

%  deaths, 

P 

%  survivals, 

q 

Standard 

deviation 

a=y/pq/n 

%  mortality, 
calculated 
by  Behrens 
method 

L.D.  50% 

Group 

r:  5%  KCl,  to  nortnals 

5-0 

11 

0 

100 

— 

0 

6.0 

20 

5 

9S 

15-4 

3.3 

6.5 

10 

60 

40 

15-5 

41-3 

7.0 

II 

72.7 

17-3 

13.4 

71-5 

8.5 

II 

90.9 

9.1 

8.7 

89.6 

10.  y 

12 

91.6 

8.4 

8.0 

94.6 

12. y 

10 

90 

10 

9-5 

97.8 

ly.o 

6 

100 

0 

— 

100 

6.65 

Group ; 

j;  2.5%  KCl,  to  normals 

6.0 

20 

IS 

8s 

8.0 

3-9 

6.25 

10 

0 

100 

— 

5.0 

6.5 

30 

56.6 

43-4 

9.0 

29.8 

6.75 

10 

30 

70 

14-5 

40.3 

7.0 

30 

60 

40 

8.9 

60. i 

7-1 

39 

66.6 

33.3 

7-5 

81.7 

8.0 

10 

80 

20 

12.6 

97-7 

6.65 

Group  3 ;  y%  KCl,  to  adrenalectomized  mice 

2-5 

2 

0 

100 

— 

0 

5-0 

4 

15 

75 

21.6 

5.8 

6.0 

40 

85 

15 

6.1 

72.9 

6. 5 

22 

77-3 

22.7 

8.9 

88.1 

7-7 

7 

71 

19 

17.2 

96.6 

5-75 

Group  4:  2.5%  KCl  to  normal  mice  given  1 

mg.  of  desoxycorticosterone  acetate 

6.0 

15 

4 

96 

3-9 

1-4 

6.75 

15 

20 

80 

8.0 

II. 8 

7-5 

28 

iS-7 

64.3 

9.0 

390 

8.25 

10 

30 

70 

4.6 

73-1 

7-7 

Group  5:  2.5%  KCl  to  normal  mice  given  o.y  cc.  ofcortin 

6.0 

10 

40 

60 

15-5 

11.4 

6.5 

10 

40 

60 

15-5 

24.2 

7.0 

10 

50 

50 

15.8 

40.6 

7-5 

10 

50 

50 

15.8 

56.2 

8.0 

10 

30 

70 

14.6 

70.0 

8.5 

10 

80 

20 

12.6 

93-5 

7-15 

have  been  killed  by  higher  dosage  levels  also,  while  those  surviving  a  given  dose 
would  also  have  survived  lower  doses. 

Determination  of  the  L.D.  50%  for  KCl  under  different  conditions,  (a)  L.D.  50% 
for  unoperated  mice.  Doses  of  o.i  to  0.3  cc.  of  5%  KCl  per  10  gm.  body  weight  were 
given  to  92  mice,  divided  into  8  groups  each  consisting  of  6  to  20  animals.  To  an' 
other  group  of  149  mice  were  given  injections  of  0.24  to  0.32  cc.  of  2.5%  KCl  (7 
dosage  levels  with  10  to  40  mice  to  each  level).  The  L.D.  50%  so  found  was  6.65  mg. 
of  KCl,  both  for  2.5  and  5%  solutions  (table  i,  groups  i  and  2,  fig.  i,  curves  i  and  2). 
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(b)  Adrenalectomized  mice.  The  L.D.  50%  for  adrenalectomized  mice  was  5.75  mg. 
(table  I,  group  3;  fig.  i,  curve  3);  injections  were  performed  48  hours  after  operation. 
A  group  of  9  mice  was  subjected  to  a  dummy  operation,  involving  the  same  surgical 
trauma  as  in  the  adrenalectomized  group,  but  without  actual  removal  of  the  adrenals. 


0.11s  AIS  OS’  1  1 


Fig.  I.  The  relation  between  dose  of  KCl,  in  mg.,  and  %  mortality  of  normal  and  adrenal- 

ECTOMIZED  MICE,  AND  OF  MICE  PREVIOUSLY  GIVEN  DE80XYC0RTIC0STER0NE  ACETATE.  Fig.  2.  T HE  RELATION 
BETWEEN  PERCENTAGE  MORTALITY  IN  GROUPS  OF  JO  MICE  GIVEN  A  DOSE  OF  7.5  MG.  KCl,  AND  THE  LOGARITHM 
OF  THE  DOSE  OF  DESOXYCORTICOSTERONE  ACETATE  PREVIOUSLY  GIVEN. 


This  group  was  given  injections  of  6  mg.  of  KCl;  this,  as  appears  from  the  foregoing, 
exceeds  L.D.  50%  for  adrenalectomized  mice.  The  given  dose  was  lethal  in  one  case 
only  (11%  mortality) ;  this  mortality  does  not  differ  significantly  from  that  found  for 
unoperated  animals.  It  may  hence  be  concluded  that  the  lowering  in  L.D.  50%  fol¬ 
lowing  adrenalectomy  is  a  specific  effect,  not  merely  due  to  operational  trauma. 

(c)  J^ormal  mice  given  desoxycorticosterone  acetate.^  A  subcutaneous  injection  of 
0.5  mg.  of  desoxycorticosterone  acetate  in  o.i  cc.  of  olive  oil  was  given  to  a  group  of 

‘  We  are  indebted  to  Messrs.  Schering  A.  G.  (Berlin),  for  generous  gifts  of  desoxycorticosterone 
acetate  and  palmitate,  and  to  Messrs.  Organon  (Holland)  and  Klawe  (Warsaw)  for  gifts  of  aqueous 
cortical  extracts. 
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88  mice  at  2  p.m.  On  the  next  day,  at  9  a.m.,  a  second,  identical  dose  was  given  (intra- 
peritoneally),  and  3  hr.  later  injections  of  6.0  to  8.25  mg.  of  KCl  were  made.  The  re^ 
suits  (table  i,  group  4;  fig.  i,  curve  4)  show  that  the  L.D.  50%  of  this  group  was  7.7 
mg.,  i.e.,  over  i  mg.  higher  than  for  normals. 

(d)  T^ormal  mice  given  aqueous  cortical  extracts.  Injections  of  6.0  to  8.5  mg.  of 
KCl  were  given  to  a  group  of  60  mice,  2  hours  after  intraperitoneal  injection  of  0.5  cc. 
of  cortin  (5  m.u.).  The  results  (table  i,  group  5)  indicate  that  the  protective  effect 
of  this  dosage  of  cortin  was  less  than  that  of  i  mg.  of  desoxycorticosterone  acetate, 
the  L.D.  50%  being  in  this  case  7.25  mg.  KCl. 

Relation  between  dose  of  cortical  hormone  and  toxicity  of  a  given  dose  of  KCl. 
Subcutaneous  injections  of  0.0625  to  i  mg.  of  desoxycorticosterone  acetate  in  o.i  cc. 
of  olive  oil  were  given  to  a  group  of  187  mice,  at  i  p.m.,  and  were  repeated  (intra^ 
peritoneally)  at  9  a.m.  of  the  following  day.  Four  hours  later  all  the  mice  received  an 
injection  of  0.3  cc.  of  2.5%  KCl  (7.5  mg.  KCl),  which  dose  gave  66.6%  mortality  in 
a  group  of  39  animals  not  given  desoxycorticosterone  acetate.  The  results  (table  2, 
fig.  2)  show  that  a  linear  relationship  exists  between  percentage  survival  and  the 


T ABLE  2.  Relation  between  dose  of  desoxycorticosterone  acetate  and  toxicity  of  a  given  dose  of  KCl 


Total  dose 
desoxycorticosterone 
acetate 
mg./io  gm. 
body  wt. 

No. 
mice  in 
group 

%  deaths 

P 

%  survivals 

q 

Standard 

deviation 

<r=Vpqln 

0 

39 

66.6 

33.4 

7-5 

0.125 

10 

70 

30 

14-5 

0.25 

25 

51 

48 

10. 0 

0.5 

32-7 

67-3 

6.J 

I.O 

28 

35-7 

64.3 

9.0 

2.0 

30 

33.3 

66.7 

8.6 

logarithm  of  the  dose,  up  to  0.5  mg.  (33%  mortality),  above  which  no  further  pro' 
tective  action  appears  to  be  exerted. 

Influence  of  cortical  hormone  preparations  on  the  toxicity  of  KCl  to  adrenalecto' 
mixed  mice,  (a)  Aqueous  extracts.  Two  commercial  extracts  (cortin  and  epicorton)  each 
having  10  Bomskov  u  per  cc.  were  tested  at  a  dosage  level  of  0.12  cc.  of  5%  KCl  (6 
mg.  of  KCl),  on  184  adrenalectomized  mice.  The  mice  were  adrenalectomized  i  hr. 
after  subcutaneous  injection  of  i  to  4  u  (o.i  to  0.4  cc.)  of  hormone,  identical  doses 
being  given  on  the  2  following  mornings.  KCl  was  injected  3  hr.  after  the  last  hor' 
mone  injection.  The  mortality  found  varied  from  43  to  90%,  average  71.5%;  that 
for  the  same  dose  of  KCl  to  adrenalectomized  mice  not  given  extract  was  73%  (fig. 
I,  curve  3).  The  preparations  in  question  did  not,  therefore,  exert  any  protective 
action  under  the  given  conditions.  Nor  was  any  relation  between  percentage  mor¬ 
tality  and  dosage  of  hormone  observed;  in  some  cases  higher  doses  of  hormone  gave 
higher,  and  in  others  lower,  mortality  than  did  lower  doses. 

(b)  Desoxycorticosterone  acetate.  It  appears  from  the  foregoing  that  preparations 
which  were  undoubtedly  active  when  assayed  by  the  Bomskov  mouse  survival  test 
(15)  showed  no  appreciable  activity  in  the  K  protection  test  in  adrenalectomized 
mice.  The  following  experiment  shows  that  this  was  not  the  case  with  desoxycorticos¬ 
terone  acetate  injections.  Three  subcutaneous  injections,  each  of  0.5  mg.  in  0.1  cc. 
of  olive  oil,  were  made  immediately  after  adrenalectomy,  and  at  10  a.m.  and  6  p.m.  of 
the  following  day.  The  next  day,  at  10  a.m.,  injections  of  0.24  cc.  of  2.5  %  KCl  (6  mg. 
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KCl)  were  given  to  this  group,  and  to  an  identical  group  which  had  received  injec¬ 
tions  of  oil  alone.  The  results  are  given  in  table  3,  from  which  it  appears  that  the  dif¬ 
ference  between  groups  i  and  2  is  not  significant  (xi  =  2.o),  whilst  that  between 
groups  2  and  3  is  highly  significant  (X2  =  27-7)- 

No  further  injections  were  given,  but  the  mortality  in  the  group  which  had  been 


Fig.  3 .  Percentage  mortality  of  adrenalectomked  mice  not  given  desoxycorticosterone  (curve 
1)  given  1.5  mg.  of  hormone  during  1  days  (curve  1)  or  0.4  mg.  during  7  days  (curve  3).  Fig.  4.  Growth 
CURVES  OF  MICE.  CuTve  I :  after  adrenalectomy.  Curve  2 :  after  adrenalectomy  with  0.4  mg.  of  desoxycorti¬ 
costerone  acetate  daily.  Curve  3:  after  a  dummy  operation.  Curve  4:  normals. 

given  hormone  was  followed  during  14  days,  and  compared  with  that  in  a  control 
group  of  26  mice  which  had  been  injected  with  olive  oil  only.  The  results  are  ih 
lustrated  by  figure  3,  from  which  it  appears  that  the  rate  at  which  the  mice  died, 
and  the  final  death  rate,  were  considerably  lower  in  the  former  (curve  2)  than  in  the 
latter  group  (curve  i).  The  number  of  mice  surviving  indefinitely  was  2  in  the  lat¬ 
ter,  as  compared  with  8  in  the  former  group.  It  may  hence  be  concluded  that  the  ef- 
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fects  of  desoxycorticosteronc  acetate  injection  are  of  long  duration,  as  compared 
with  aqueous  extracts.  Curve  3  represents  percentage  mortality  in  a  group  of  15 
adrenalectomized  mice  given  7  daily  injections  of  0.05  mg.  of  desoxycorticosteronc 
acetate  (broken  line  curve),  after  which  injections  were  discontinued  (full  line  curve). 

Determination  of  potency  of  desoxycorticosterone  acetate  by  the  Boms}{ov  test.  The 
advantage  of  synthetic  over  natural  preparations  is  not  necessarily  a  real  one,  for  we 
have  no  indication  as  to  what  amount  of  one  preparation  is  equivalent  to  that  of 
another,  the  dosage  levels  taken  being  in  each  case  arbitrary  and  unconnected.  The 
possibility  also  arises  that  natural  extracts  may  contain  some  substance  or  substances 
acting  differently  to  desoxycorticosterone  with  respect  to  protection  against  K  poison- 
ing,  but  able  to  prolong  the  life  of  adrenalectomized  animals.  It  was  for  these  reasons 
of  interest  to  assay  desoxycorticosterone  acetate  by  the  Bomskov  mouse  test. 


Table  5.  Protection  by  eesoxycorticosterone  acetate  of  adrenalectomized  acetate  op  adrenalec' 

TOMIZED  MICE  AGAINST  POTASSIUM  POISONING 


Nature  of  experiment 

No. 
mice  in 
group 

% 

deaths 

% 

survivals 

Standard 

deviation  Remarks 

a 

I.  Unoperated  normals 

20 

15 

3:i}’''= 

2.  Adrenalectomized  mice 

32 

3.1 

given  1.5  mg.  of  desoxy¬ 
corticosterone  acetate  in 
oil 

3.  The  same,  given  oil  only 

23 

95-7 

1 

rX  =  22.7 

3.6-j 

The  experiments  were  performed  at  dosage  levels  of  0.025,  0.05,  o.i,  0.2  and 
0.4  mg.  of  hormone  in  o.i  cc.  of  olive  oil,  daily,  with  groups  of  16  mice  per  level. 
The  mice  were  maintained  on  McCollum's  lactation  diet  (whole  wheat  67.5,  casein 
15,  butter  5,  whole  milk  powder  10,  CaCO,  1.5,  and  NaCl  i.o).  The  results  are  il¬ 
lustrated  by  figures  4  and  5.  Curve  i,  figure  4  represents  variations  in  the  average 
weight  of  adrenalectomized  mice  receiving  0.1  cc.  of  olive  oil  daily  (27  mice,  of  which 
9  survived  to  the  7th,  and  3  to  the  8th  day).  Curve  2  applies  to  mice  receiving  0.4  mg. 
of  hormone  daily  (14  mice,  of  which  13  were  still  alive  on  the  8th  day),  curve  3 
to  mice  subjected  to  a  dummy  operation  (without  removal  of  adrenals),  and  curve  4 
to  unoperated  controls.  It  appears  that  the  least  average  weight  is  found  24  hours 
after  adrenalectomy.  The  growth  curves  of  groups  3  and  4  are  identical.  That  of 
group  2  lies  entirely  above  that  of  group  i,  approaching  curve  3.  The  difference  be¬ 
tween  groups  I  and  2  is  greater  than  would  appear  from  the  curve,  for  mortality  was 
practically  none  in  group  2,  as  compared  with  76%  in  group  i.  Since  the  animals 
which  died  had  the  lowest  weights,  selection  of  the  heaviest  mice  took  place  during 
the  experiment,  with  the  result  that  the  average  weight  of  the  members  of  group  i 
rose  more  rapidly  than  if  there  had  been  a  lower  mortality. 

The  curve  of  figure  5  represents  the  relation  between  dosage  level  and  mortality, 
in  the  Bomskov  test.  Since  i  Bomskov  u  corresponds  with  20%  mortality  it  follows 
that  I  mg.  of  desoxycorticosterone  acetate  contains  about  20  Bomskov  m.u.  Mor¬ 
tality  rises  rapidly  as  the  dosage  level  falls  below  0.05  mg.,  and  falls  very  gradually 
as  this  level  is  exceeded. 


DISCUSSION 

The  experiments  described  above  gave  results  consistent  with  the  thesis  that  the 
most  important  function  of  the  adrenal  cortex  is  regulation  of  K  metabolism.  The 
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failure  of  aqueous  cortical  extracts  to  protect  adrenalectomized  mice  against  K 
poisoning  does  not  invalidate  this  view,  as  the  maximum  dosage  level  taken  (12  u) 
did  not  exceed  0.6  mg.  of  desoxycorticosterone  acetate  as  compared  with  1.5  mg. 
taken  in  the  experiments  with  synthetic  hormone.  Nor  could  the  amount  of  gland 
extract  be  further  increased  without  introduction  of  excessive  amounts  of  fluid, 
which  might  in  themselves  vitiate  the  result. 

The  protective  effect  of  desoxycorticosterone  acetate  is  within  certain  limits  pro- 
portional  to  the  logarithm  of  the  dose.  This  affords  a  convenient  method  for  the  assay 
of  this  hormone,  based  on  determination  of  percentage  survival  in  a  group  of  30  or 
more  9  to  ii  gm.  mice  injected  with  7.5  mg.  of  KCl  following  administration  of  0.3 
to  0.5  mg.  of  unknown  preparation.  The  amount  of  desoxycorticosterone  is  then  read 


Fig.  5.  Relation  between  percentage  mortality  of  adrenalectomized  mice  and  the  amount  of 

DESOXYCORTICOSTERONE  ACETATE  INJECTED  DAILY, 


from  a  logarithmic  curve,  such  as  that  of  figure  2.  The  advantages  of  this  over  other 
published  methods  lie  in  the  cheapness  and  availability  of  the  test  animals,  in  the 
relatively  small  amount  of  preparation  needed  for  assay,  in  the  simplicity  of  the 
method,  inasmuch  as  adrenalectomy  is  not  required,  and  in  its  rapidity,  since  the 
result  is  given  within  24  hr.;  should  the  result  be  required  sooner  than  this  it  is 
possible  to  complete  the  assay  within  one  day.  A  further  advantage  is  that  the  use 
of  several  dosage  levels  is  unnecessary.  The  method  has  been  in  use  in  this  laboratory 
for  the  past  few  months,  for  the  assay  of  desoxycorticosterone  acetate  preparations 
submitted  for  government  control,  and  has  given  fairly  satisfactory  results. 


SUMMARY 


The  L.D.  50%  for  immature  male  mice  weighing  9  to  ii  gm.  is  6.65  mg.  KCl  per 
10  gm.  body  wt.  that  for  adrenalectomized  mice  is  5.75  mg.,  and  for  normal  mice 
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after  injection  of  i  mg.  of  desoxycorticosterone  acetate  is7.7mg.  Resistance  of  adrenal 
ectomized  mice  to  K  poisoning  may  be  raised  above  that  of  normal  animals  by  ap' 
propriate  doses  of  hormone.  A  linear  relationship  is  established  between  percentage 
survival  following  injection  of  KCl  (7.5  mg.)  to  mice,  and  the  logarithm  of  the  dose  of 
hormone  previously  given.  The  relationship  does  not  hold  when  the  dose  of  dexosy- 
corticosterone  acetate  administered  exceeds  0.5  mg.,  with  the  given  dose  of  KCl.  A 
rapid  and  simple  assay  method,  based  on  this  relationship,  is  described.  The  weight 
of  mice  following  adrenalectomy  varies  roughly  parallel  with  the  dose  of  hormone 
given.  As  assayed  by  the  Bomskov  test  i  mg.  of  hormone  contains  20  Bomskov  m.u. 
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HYPERTROPHY  IN  THE  PSEUDOPREGNANT  UTERUS  OF 
THE  MOUSE,  FOLLOWING  MECHANICAL  STIMULA^ 
TION  OR  TREATMENT  WITH  VITAMIN  E 


ISTVAN  SZABO* 

From  the  Royal  Hungarian  University  Medical  School 

BUDAPEST,  HUNGARY 

The  purpose  of  this  investigation  was  to  study  the  effect  of  vitamin  E  on  the 
pseudopregnant  uterus.  The  results  obtained  suggest  that  vitamin  E  adminis¬ 
tered  to  pseudopregnant  mice  will  produce  uterine  hypertrophy  in  some  cases. 
The  daily  mechanical  stimulation  of  the  cervix  uteri  over  a  long  period  of  time  with¬ 
out  vitamin  E  administration  will  also  produce  uterine  hypertrophy.  Vitamin  E  ad¬ 
ministered  to  normal  mice  did  not  result  in  uterine  hypertrophy. 

The  term  pseudopregnancy  as  used  here,  was  introduced  by  Hill  and  O’Donoghue 
in  1913  (i),  to  designate  the  period  which  follows  ovulation  in  the  nonpregnant 
Dasyurus.  Since  then  an  extensive  literature  has  arisen,  dealing  with  the  experimental 
production  and  causes  of  pseudopregnancy.  In  table  i  are  recorded  only  those  cases 
in  which  the  histology  of  the  uterus  was  studied.  The  more  marked  changes  of  the 
uterus  are  given  in  brief  in  this  table. 

We  produced  pseudopregnancy  by  three  methods,  (d)  Females  obtained  from  a 
low  fertility  group  were  allowed  to  copulate  frequently  but  did  not  become  pregnant, 
(b)  Females  were  mated  with  vasectomised  males,  (c)  Females  were  stimulated  daily 
on  the  cervix  uteri  with  a  glass  rod.  Each  stimulation  consisted  of  rubbing  the  rod 
30  times  against  the  resistance  that  could  be  felt  at  the  end  of  the  vagina. 

Some  specimens  from  each  of  these  pseudopregnant  groups  were  given  vitamin 
E.^  Each  dose  consisted  of  0.2  cc.  oil  and  was  given  by  mouth.  (The  oil  was  extracted 
from  oat  germ;  2.8  kg.  oat  germ  yielded  i  gm.  of  oil.) 

Table  2  gives  the  number  of  animals  used,  the  treatment  and  dose  given,  and  the 
number  of  hypertrophied  uteri  obtained.  Two  groups  of  normal  mice  to  which  the 
vitamin  was  administered  are  also  included  in  this  table. 

The  source  of  the  vitamin  was  as  noted  above,  except  in  the  case  of  the  group  of 
four  young  animals  stimulated  on  the  cervix  uteri.  These  received  a  wheat  germ  oil, 
later  found  to  have  a  very  low  vitamin  E  content,  and  they  suffered  persistently  from 
diarrhea. 

Of  9  pseudopregnant  mice  treated  with  vitamin  E,  5  showed  hypertrophy  of  the 
uterus.  Of  27  untreated  pseudopregnant  mice  none  showed  uterine  hypertrophy.  In 
the  group  which  had  been  stimulated  on  the  cervix  uteri  over  the  longest  period  of 
time  uterine  hypertrophy  was  found  in  7  out  of  the  1 1  animals  observed.  No  hyper¬ 
trophy  was  obtained  in  normal  mice  which  were  given  only  vitamin  E  with  no  further 
treatment. 

The  uterus  of  each  pseudopregnant  mouse  was  compared  with  the  uterus  of  nor¬ 
mal  litter  mates  in  the  diestrous  stage.  The  uterus  of  each  of  the  pseudopregnant  mice 
to  which  vitamin  E  had  been  administered  was  compared  with  uteri  both  of  the  un- 


*  Present  address:  Departmento  de  Medicina  Experimental,  Santiago  de  Chile. 
’  The  vitamin  was  supplied  by  Dr.  Engel  of  the  Chinoin  Company. 
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Table  i 


Reference 

Animal 

Changes  in  the  uterus 

Cause  of  pseudopregnancy 

1 

Dasyurus 

Mucosa  enlarged  and  vascular 

Ova  failed  to  develop  after  ovu¬ 
lation 

2 

Opossum 

Enlarged  capillaries  and  glands; 
changes  correspond  with  preg' 
nancy 

Not  mated  after  ovulation 

5 

Hedgehog 

Slight  edema  of  stroma  and  prolif' 
eration  of  epithelial  cells 

Mated  but  nonpregnant 

4 

Rat 

As  in  estrus 

Normal  males  mated  with  hyster¬ 
ectomized  females;  sterile  males 
mated  with  normal  females 

5 

Rat 

Changes  similar  to  pregnancy 

Mated  with  vasectomized  males 

6 

Elabbit 

Hypertrophy  of  muscularis  and 
mucosa;  proliferation  of  epithelial 
cells 

Mated  with  vasectomized  males 

7 

Rabbit 

Vascularisation  and  glandular  de' 
velopment 

Mated  with  vasectomized  males 

8 

Rabbit 

Vascularisation 

Mated  with  vasectomized  males 

9 

Rabbit 

Vascularisation  and  glandular  dc' 
velopment 

Electrical  stimulation  of  the  cen¬ 
tral  nervous  system 

10 

Ferret 

Hypertrophy  of  surface  glands, 
deep  folds,  changes  similar  to 
pregnancy 

Mated  with  vasectomized  males 

11 

Fox 

Hyperaemy  and  hypertrophy  of 
coiled  glands 

Not  mated  after  ovulation 

12 

Dog 

Glandular  and  vascular  hyperplasia 

Not  mated  after  ovulation 

Table  1 


No.  of  No.  of  Vitamin  E  No.  of  hypcrtro- 

animals  days  observed  administered  phied  uteri 


Sterile  mating  with 
normal  males 


Mated  with  vasecto- 
mized  males 


Daily  mechanical  stim* 
ulation  of  the  cervix 
uteri  during  the  period 
of  observation 


Normal  females  isO' 
lated  from  males 
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treated  pseudopregnant  mice  and  of  the  control  diestrous  animals.  The  hypertrophied 
uterus  was  always  about  twice  as  large  as  in  the  controls.  The  difference  is  shown  in 
figures  i  and  2.  The  material  was  fixed  in  Helly  and  formalin  fixatives.  Stains  used 
were  hematoxylin'eosin  and  van  Gieson.  Sections  through  the  middle  part  of  each 
cornu  were  compared  and  photographed. 

The  histological  pictures  of  the  hypertrophied  uteri  after  vitamin  E  administra' 
tion  and  after  mechanical  stimulation  of  the  cervix  uteri  were  identical.  Figure  i  is  a 
cross  section  through  a  hypertrophied  uterus  after  vitamin  E  treatment.  The  in' 
creased  musculature  and  connective  tissue  is  the  most  outstanding  feature.  The  lu' 
men  is  small  and  the  mucosa  forms  few,  but  large  folds.  The  blood  vessels  are  small 
and  glands  are  collapsed.  The  epithelial  cells  are  low  and  leucocytes  are  absent. 

Figure  2  is  a  cross  section  through  a  uterus  from  one  of  the  pseudopregnant  con' 
trols.  This  specimen  was  stimulated  on  the  cervix  uteri  daily  for  15  days.  The  his' 


Fig.  I.  Cross  section  of  a  hypertrophied  pseudopregnant  uterus,  after  vitamin  e  treatment. 
Fig.  2.  Cross  section  of  a  normal  pseudopregnant  uterus  after  mechanical  stimulation  of  the 

CERVIX  UTERI.  X 

tological  structure  is  similar  to  that  of  the  hypertrophied  uterus,  the  only  difference 
being  in  the  smaller  size.  A  similar  condition  was  probably  also  produced  by  Clauberg 
(13),  who  injected  corpus  luteum  extract.  He  states  that  the  stroma  of  the  mucosa 
became  dense  and  that  leucocytes  were  absent. 

The  hypertrophied  pseudopregnant  uterus  has  a  distinctly  different  histology 
from  the  uterus  during  the  normal  cycle  and  during  pregnancy.  It  differs  from  the 
diestrous  uterus  in  its  large  size,  in  the  absence  of  leucocytes,  and  in  the  very  small 
size  of  the  glands.  The  proestrous  uterus  has  a  transparent  appearance  (due  to  the 
accumulation  of  fluid  inside  the  lumen),  while  the  pseudopregnant  hypertrophied 
uterus  is  larger  than  either  the  proestrous  or  estrous  uterus  and  has  a  solid  appearance. 
The  wall  is  thick  and  the  lumen  is  small.  Glands  are  never  expanded  in  the  hyper' 
trophied  uterus.  The  pregnant  uterus  has  numerous  little  folds  and  dilated  blood  ves' 
sels,  while  the  hypertrophied  uterus  has  large  but  few  folds,  and  the  capillaries  are 
very  small. 

Some  animals  were  injected  with  praepitant  Chinoin  (injected  5  times,  10  u  each 
time),  and  some  received  hogival  Chinoin  (injected  7  times,  2000  u  each  time).  The 
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result,  especially  in  the  latter  case,  was  a  marked  hypertrophy  of  glands  and  epithelial 
cells  and  infiltration  of  leucocytes.  The  lumen  was  greatly  expanded.  The  size  of  the 
uterus  was  similar  to  that  of  the  estrous  stage.  As  indicated  above  all  these  changes 
are  different  from  the  picture  that  the  pseudopregnant  uterus  presents. 

The  uteri  of  the  various  pseudopregnant  animals  recorded  in  table  i  show  a  very 
different  histology  from  that  found  in  the  hypertrophied  pseudopregnant  uterus  of 
the  mouse. 

Verzar  (14)  described  uterine  hypertrophy  following  vitamin  E  administration 
in  the  rat.  Other  authors  have  not  confirmed  this.  It  is  pxjssible  that  in  Verzar’s 
experiments  some  mechanical  stimulation  was  exerted  on  the  cervix  uteri  when  vag¬ 
inal  smears  were  taken,  and  that  this  in  addition  to  the  administration  of  vitamin  E 
brought  about  the  uterine  hyp)ertrophy. 

SUMMARY 

Uterine  hypertrophy  was  produced  in  the  pseudopregnant  mouse  when  vitamin 
E  was  administered.  The  mechanical  stimulation  of  the  cervix  uteri  over  a  long  period 
of  time  also  results  in  uterine  hypertrophy.  Administration  of  vitamin  E  to  normal 
mice  did  not  result  in  uterine  hypertrophy.  The  histology  of  the  hypertrophied  uterus 
shows  an  increase  in  the  connective  tissue  and  in  the  musculature.  Glands  and  blood 
vessels  are  very  small  and  leucocytes  are  absent. 
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CELLULAR  CHANGES  IN  THE  ANTERIOR  PITUITARY 
GLAND  OF  RATS  WITH  EXPERIMENTAL  GOITER 

GEORGE  R.  SHARPLESS  and  ELIZABETH  M.  HOPSON 
From  the  Department  of  Laboratories,  Henry  Ford  Hospital 

DETROIT,  MICHIGAN 

That  cellular  changes  occur  in  the  anterior  pituitary  as  a  result  of  dysfunc' 
tion  of  the  thyroid  is  an  established  fact.  In  this  paper  the  authors  are  con- 
cemed  with  the  changes  in  the  pituitaries  of  rats  with  experimental  goiter. 
Marine,  Rosen  and  Spark  (i)  found  in  rabbits  with  parenchymatous  goiters  an  in' 
crease  in  weight  of  the  pituitary,  an  increase  in  size  of  all  cells,  and  a  decrease  of 
stainable  acidophilic  granules.  Administration  of  iodine  or  desiccated  thyroid  caused 
a  return  to  normal.  Similar  changes  in  the  anterior  pituitary  of  rats  were  found  by 
Nelson  and  Warkany  (2).  Both  studies  were  made  with  a  hematoxylin'eosin  stain 
which  does  not  differentiate  the  three  types  of  cells  found  in  the  anterior  pituitary. 
Recent  experiments  with  a  new  goiter  producing  diet  (3)  failed  to  show  as  great  an 
increase  in  pituitary  weight  in  rats  as  has  been  reported  for  other  species.  1  his  sug' 
gested  a  more  thorough  study  of  the  pituitaries  from  rats  fed  the  new  goiter  diet. 

The  composition  of  the  diet  (No-  ^53)  was  as  follows:  raw  soy  bean  flour,  75%;  yeast, 
3%;  butterfat,  5%;  sucrose,  15.5%;  sodium  chloride,  1%;  calcium  carbonate,  0.5%. 
This  diet  fed  to  young  rats  produces  in  7  weeks  hyperplastic  and  hypertrophied  thyroids 
practically  devoid  of  colloid,  and  between  3  and  5  times  normal  size.  In  all  of  the  studies 
recorded  in  this  report,  7  weeks  was  used  as  the  experimental  period,  making  the  final  age 
of  the  animals  approximately  ii  weeks.  The  other  diets  had  the  same  composition  as  diet 
153  with  the  following  additions:  diet  208,  5.2  gamma  %  KI;  diet  210,  65.0  gamma  %  KI; 
diet  266,  12  mg.%  of  desiccated  thyroid. 

When  the  animals  were  killed,  the  pituitaries  were  weighed  and  placed  immediately 
in  Zenker-formol  fixative.  The  sections  were  cut  at  4  in  the  horizontal  plane  of  the  gland  as 
it  lies  in  the  body.  They  were  stained  with  a  modified  Mallory’s  triple  stain.  Cbunts  were 
made  on  two  sections  from  different  levels  of  the  gland.  All  of  the  cells  were  counted  in  a 
strip  approximately  4  cells  wide  through  the  greater  diameter  of  the  section  at  a  tangent 
to  the  innermost  projection  of  the  posterior  lobe.  This  method  does  not  give  a  true  percentile 
count  of  all  the  cells,  nor  does  it  indicate  differences  in  total  number  of  cells,  but  it  does 
show  relative  changes  when  compared  with  similar  counts  from  other  glands.  The  cells  were 
classified  in  three  groups:  acidophils,  those  which  stained  red;  basophils,  those  that  stained 
blue;  and  chromophobes,  those  that  took  no  stain.  The  large  basophils  with  light  blue  stain¬ 
ing  colloid-like  vacuoles  were  included  in  the  basophil  group. 

RESULTS 

The  results  of  the  cell  counts  are  recorded  in  table  i  along  with  the  weight  of 
pituitaries  and  thyroids.  Except  for  diet  266,  with  which  there  were  only  6  pituitaries 
studied  and  in  which  there  was  no  difference  between  the  sexes,  the  results  for  males 
and  females  are  recorded  separately.  Rats  fed  diet  1 53  (goiter  diet)  had  a  decrease  in 
percentage  of  acidophils  and  a  great  increase  in  percentage  of  basophils.  Because  they 
were  very  large,  the  basophils  covered  more  than  50%  of  the  total  area.  Many  of  them 
contained  large  colloid-like  vacuoles  of  the  type  associated  with  thyroidectomy.  In 
most  of  the  acidophils  the  granular  content  was  reduced. 
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Diets  208  and  210,  which  contained  iodine,  caused  a  reduction  in  the  proportion 
of  basophils  and  an  increase  in  percentage  of  acidophils,  but  neither  returned  to 
normal.  Basophils  were  smaller,  were  well  filled  with  deeply  stained  granules,  and 
very  few  had  colloid-like  vacuoles.  The  acidophils  were  also  well  filled  with  chromo' 
philic  granules.  The  general  appearance  of  the  sections  differed  from  the  controls 
only  in  the  obviously  greater  percentage  of  basophils. 

In  order  to  determine  whether  the  basophils  could  be  brought  back  to  normal, 
diet  266,  which  contained  desiccated  thyroid,  was  fed.  With  it  the  proportion  of  baso' 
phils  returned  to  normal  but  the  proportion  of  acidophils  remained  low.  The  acido¬ 
phils  represented  37%  of  the  cells  counted  which  is  not  lower  than  the  normal  per- 


Table  i.  Weight  of  thyroids  and  pituitaries  and  percentage  of  different  cell 
TYPES  in  the  pituitaries 


Thyroid 

Pituitary 

Number 

Diet 

Sex 

Wt.  per 

Weight 

Percentage  of  cells 

of 

cells 

100  gm 
body  wt. 

Total 

Per  100  gm. 
body  wt. 

Acidos. 

Basos. 

Chromo¬ 

phobe 

counted 

mg. 

mg. 

mg. 

% 

% 

% 

Stock 

Male 

9.8 

7.8 

3-1 

49-? 

3-0 

47-5 

8881 

Female 

11.1 

9-9 

5-4 

43-3 

3-7 

53-0 

5944 

153 

Male 

30.0 

7-1 

4-5 

29.8 

24.9 

45. 3 

14242 

Female 

37-3 

8.J 

5-3 

19.6 

17.8 

62.7 

8680 

208 

Male 

17-3 

4-9 

3-1 

37-9 

14. 1 

48.0 

8409 

Female 

iJ-J 

4.2 

33.8 

14.5 

51.8 

8299 

210 

Male 

12.2 

6.4 

3-7 

37-9 

13-7 

48.4 

10919 

Female 

12.4 

5-3 

4-4 

37-3 

12.4 

50.4 

9788 

266 

Male 

Female 

9-4 

10.4 

4-9 

4-7 

3-6 

41 

jj7.6 

4-8 

57.6 

8795 

centage  in  some  reports,  but  with  the  method  of  counting  used  in  this  experiment,  it 
is  significantly  lower  than  the  normal  controls. 

The  pituitary  weights  are  more  difficult  to  interpret.  Because  of  differences  in 
average  body  weight  along  with  the  fact  that  the  animals  were  all  of  the  same  age, 
comparison  was  made  on  the  basis  of  weight  per  100  gm.  of  body  weight  rather  than 
the  total  pituitary  weight.  When  this  was  done  with  the  males,  it  was  seen  that  diet 
153  produced  glands  that  were  significantly  larger  than  those  from  any  other  diet 
and  that  iodine  or  desiccated  thyroid  induced  a  return  to  normal.  With  the  females, 
however,  the  values  for  the  normal  and  diet  1 53  were  the  same,  and  all  of  the  other 
values  were  lower.  When  analyzed  by  statistical  methods,  the  difference  between 
the  mean  of  diet  1 53  and  the  mean  of  each  of  the  other  soy  bean  diets,  divided  by  the 
standard  deviation  of  the  difference  was  greater  than  2.5,  which  indicated  that  the 
pituitaries  of  females  fed  diet  1 53  were  significantly  larger  than  those  from  any  of  the 
other  soy  bean  diets.  The  general  statement  can  be  made  that  the  pituitaries  of  rats 
with  goiter  are  larger  than  the  pituitaries  of  rats  fed  the  same  diet  with  iodine  or 
desiccated  thyroid,  but  there  is  no  evident  explanation  for  the  size  of  the  normal  fe¬ 
male  pituitary. 

- -  DISCUSSION 

Decrease  in  percentage  of  acidophils  and  increase  in  percentage  of  basophils  with 
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formation  of  colloid-like  vacuoles  in  the  cytoplasm  is  the  type  of  change  that  occurs 
following  thyroidectomy  (4).  If  the  changes  in  the  pituitary  result  from  changes  in 
the  thyroid  the  animals  have  a  hypofunctioning  thyroid.  This  was  confirmed  by 
metabolism  tests  which  showed  that,  providing  no  correction  was  made  for  the  lower 
food  intake,  the  rate  of  oxygen  consumption  per  square  meter  of  body  surface  was 
below  normal. 

Pituitaries  of  rats  fed  diet  210  (goiter  diet  +KI)  had  three  times  the  normal  per¬ 
centage  of  basophils  yet  previous  studies  (3)  have  shown  that  the  thyroids  have  an 
approximately  normal  structure,  weight  and  iodine  content.  Factors  known  to  effect 
an  increase  in  percentage  of  basophils  are  hypo-  or  hyperthyroidism,  dysfunction  of 
the  gonads  (4),  parathyroid  extract  (5),  and  possibly  the  adrenals.  Some  of  these 
possibilities  can  be  eliminated  with  the  data  available.  Other  animals  fed  diet  210  ^ 
were  fertile  and  the  testes  of  these  rats  had  a  normal  weight  which  was  interpreted 
as  evidence  that  the  gonads  were  functionally  normal.  Hypofunction  of  the  thyroid 
appears  improbable  because  the  oxygen  consumption  rate  was  not  abnormal  and  the 
histology,  weight  and  iodine  content  were  normal.  Hyperthyroidism  as  a  cause  was 
ruled  out  by  the  finding  that  rats  fed  diet  266  had  a  normal  proportion  of  acidophils 
although  their  oxygen  consumption  rate  was  20%  above  normal.  The  parathyroids 
were  not  a  factor  since  they  were  not  enlarged  and  the  diet  did  not  produce  rickets. 
Whether  the  pituitary  can  be  influenced  by  diet  directly  or  whether  there  was  dys-  ^ 
function  of  the  adrenals  will  require  further  study,  but  the  increased  proportion  of 
basophils  cannot  be  explained  by  dysfunction  of  the  thyroid,  parathyroid  or  gonads. 

The  proportion  of  acidophils  remained  below  normal  with  all  of  the  soy  bean  ^ 
diets.  This  had  no  relation  to  the  activity  of  the  thyroid  and  must  have  been  related 
to  the  diet.  The  only  evident  gross  abnormality  that  was  constant  with  the  soy  bean 
diets  was  a  subnormal  rate  of  growth.  The  mechanism  by  which  growth  which  in¬ 
volves  a  number  of  physiological  processes  can  be  stimu'ated  by  a  single  factor  from 
the  pituitary  is  not  understood.  However,  such  evidence  as  the  association  of  gigan¬ 
tism  with  acidophilic  pituitary  tumors  and  the  absence  of  acidophils  in  dwarf  mice  ^ 
indicates  a  close  relationship  between  the  acidophil  cells  of  the  pituitary  and  body 
growth  (4).  This  suggests  that  a  relation  may  exist  between  the  subnormal  rate  of 
growth  and  the  subnormal  proportion  of  acidophils  found  in  rats  fed  the  soy  bean  ^ 
diets. 

SUMMARY 

Rats  fed  a  goiter-producing  soy  bean  diet  showed  changes  in  the  anterior  pituitary  * 
similar  to  those  found  in  thyroidectomized  animals,  that  is,  decreased  proportion  of 
acidophils,  increased  proportion  of  basophils,  and  formation  of  colloid-like  vacuoles 
in  the  basophils.  Iodine  or  desiccated  thyroid  caused  a  significant  decrease  in  the 
size  of  the  pituitary.  Animals  fed  the  soy  bean  diets  had  a  lower  percentage  of  acido¬ 
phils  than  normal  controls.  It  is  suggested  that  this  is  related  to  the  subnormal  rate 
of  growth.  Iodine  or  desiccated  thyroid  increased  the  proportion  of  acidophils  and 
decreased  the  proportion  of  basophils,  but  only  desiccated  thyroid  produced  the 
normal  percentage  of  basophils. 

REFERENCES 

1.  Marine,  D.,  S.  H.  Rosen  and  C.  Spark:  Proc.  Soc.  Exper.  Biol,  fip  Med.  ji:  8oj.  1935. 

1.  Nelson,  R.  C.  and  J.  Warkany:  Proc.  Soc.  Exper.  Biol.  (3‘  Med.  39:  66.  1938. 

3.  Sharpless,  G.  R.,  J.  Pearsons  and  G.  S.  Prato:  J.  J^utrition  17:  545.  1939. 

4.  Severinghaus,  a.  E.:  Physiol.  Rev.  17:  556.  1937. 

5.  Freud,  J.,  E.  Laqueur  and  O.  MOhleock:  Ann.  Rev.  Biochem.  8:  302.  1939. 


/ 

THE  EFFECT  OF  PITUITARY  PREPARATIONS  ON  THE 
TOTAL  BODY  GLYCOGEN,  WATER,  NITROGEN  AND 

FAT  OF  MICE 

A.  H.  NEUFELD,  S.  M.  SCOGGAN  and  G.  S.  STEWART 
From  the  Department  of  Biochemistry,  McGill  University 

MONTREAL,  CANADA 

Numerous  investigations  have  been  undertaken  to  elucidate  the  relation  of 
the  pituitary  body  to  the  metabolism  of  carbohydrates,  proteins  and  fats. 
Recently  we  reported  on  the  effect  of  various  pituitary  preparations  on  the 
ketonuria  and  total  body  fat  of  normal  fasted  mice  (i).  In  order  to  obtain  information 
of  a  wider  scope  regarding  the  metabolic  changes  induced  by  pituitary  preparations, 
this  study  has  been  extended  to  include  changes  in  total  body  glycogen,  water  and 
nitrogen. 

MATERIALS  AND  METHODS 

The  studies  reported,  with  the  exception  of  the  antidiuretic  potency  of  extracts, 
were  carried  out  on  5  to  6'week'old  female  mice  of  a  pure  strain  (dba)  and  weighing 
from  10  to  13  gm.  The  antidiuretic  potency  was  estimated  in  male  hooded  rats  8 
weeks  old  by  the  method  previously  described  by  Burn  (2).  The  mice  were  fasted 
for  24  hours  and  the  injections  made  subcutaneously  in  3  equal  fractions  at  i,  6  and 
19  hours  respectively  after  the  beginning  of  the  fast.  In  the  48'hour Tasted  animals 
the  subcutaneous  injections  were  made  in  4  equal  fractions  at  i,  9,  24  and  36  hours 
respectively.  The  amount  of  extract  injected  at  any  one  time  was  o.i  to  0.2  cc. 

The  animals  were  anesthetized  with  amytal,  frozen  in  carbon  dioxide  ice  and 
macerated  in  the  frozen  condition  prior  to  the  analytical  procedures.  Glycogen  deter 
minations  were  carried  out  by  the  method  of  Good  et  al.  (3) ;  the  modified  Shaffer^ 
Hartman  method  described  by  Peters  and  Van  Slyke  (4)  was  used  to  determine  the 
sugar  formed.  The  results  are  expressed  in  terms  of  glucose.  The  method  for  deter- 
mining  the  ketogenic  potency  was  described  in  a  previous  communication  (1).  Liver 
and  carcass  fat  were  determined  separately;  the  tissue  was  thoroughly  ground  in 
sand  before  extraction.  The  method  of  extraction  and  fatty  acids  determination  was 
the  same  as  that  previously  described  (i).  The  results  are  expressed  in  terms  of  pal¬ 
mitic  acid.  The  water  and  nitrogen  contents  of  tissues  were  determined  on  the  same 
animal.  The  tissue  was  dried  in  a  ioo°C.  oven  to  constant  weight.  The  resulting 
dried  material  was  digested  with  a  Kjeldahl  digestion  mixture  and  nitrogen  deter¬ 
mined  on  an  aliquot  by  the  micro-Kjeldahl  method. 

The  extracts  used  were  prepared  from  carefully  dissected  fresh  anterior  lobes  of 
beef  pituitaries.  Extract  was  a  saline  extract  consisting  of  three  successive  ex¬ 
tractions.  Extracts  7^2,  and  were  prepared  from  kept  in  a  boiling- 
water  bath  in  a  n/  10  HCl  medium  for  15,  45  and  120  minutes,  respectively.  Extracts 
>^5,  7^6  and  7{7  were  also  prepared  from  7*li,  but  kept  in  a  boiling- water  bath  in  a 
n/io  NaOH  medium  for  15,  45  and  120  minutes,  respectively.  Extracts  7^8  and  7^9 
represent  the  pn  5.5  soluble  fraction  of  7{i  following  heating  on  a  boiling- water  bath 
for  30  minutes,  the  former  in  a  n/io  HCl  medium,  the  latter  in  a  1%  ammonium 
hydroxide  medium.  The  control  muscle  extract  was  prepared  similarly  to  T^i. 

iji 
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Table  i.  Effect  of  AP  extracts  on  total  body  glycogen  and  ketonuria  of  normal  fasted  mice 

(dba),  AND  ANTIDIURETIC  POTENCIES  OF  EXTRACTS 


Total  body  glycogen 

Acetone  bodies  excretion 

Antidiuretic 

Extract 

Extract,  gm. 

Glycogen 

Extract,  gm. 

mg.  acetone/ 

i.u.  per  gm. 

equiv.  original 

mg.  % 

equiv.  original 

100  gm.  mouse. 

original 

tissue. 

tissue. 

48  hr. 

tissue 

cc. 

CC. 

Fasted  24  hours 

Fasted  48  hours 

Saline 

0.6 

64.4 

0.6 

I. 61 

— 

71.0 

3-19 

68. 5 

1.81 

47-9 

62.5: 

yj-6 

Control 

0.1 

71.9 

0.1 

3-93 

<1 

muscle 

74-3 

3-74 

59.0 

1.66 

67.0 

yi.4 

Hi 

61.8 

0.1 

513-0 

0.1 

15-4 

35-40 

y6i.o 

12.6 

H2 

351-0 

418.0 

16.  I 

0.1 

113-8 

147.0 

115.5 

120. 1 

35-40 

H3 

0.1 

167.5 

15-30 

61.5 

160.0 

H4 

99-0 

0.2 

161.3 

0.1 

11-3 

20-25 

130.5 

11-4 

Hs 

161.0 

115.4 

14-7 

0.2 

91-9 

<5 

89.5 

108.4 

H6 

75-0 

0.2 

81.0 

0.1 

3-84 

<1 

85.6 

5-37 

77-4 

5.48 

H? 

65.4 

0.1 

84.6 

<1 

77-6 

70.0 

HS 

78.4 

0.2 

193-0 

0.1 

8.75 

30-35 

186.3 

7-11 

Ho 

119-3 

135-1 

6.54 

0.2 

144-1 

0.1 

6.75 

20-25 

196.0 

4-38 

137-8 

4.65 

169.1 

RESULTS  AND  DISCUSSION 

The  results  obtained  are  shown  in  tables  i  and  a.  In  most  of  our  earlier  studies 
(5)  the  level  of  liver  and  muscle  glycogen  of  fasting  rabbits  was  used  as  an  index  of 
the  so'called  glycostatic  effect.  Recently  we  have  found  the  total  body  glycogen  of 
the  pure  strain  mice  (dba)  to  be  far  more  satisfactory.  It  has  been  our  experience  that 
the  female  mice  give  a  more  constant  result  than  the  males.  The  control  glycogen 
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Table  1.  Effect  of  AP  extracts  on  the  total  body  water,  nitrogen  and  fatty  acids  of 

NORMAL  FASTED  MICE  (dbd) 


Extract 

Extract 
gm.  equiv. 
original 
tissue, 
cc. 

Water 

Nitrogen 

Fatty  acids 

Water, 

% 

Liver, 

%of 

total 

Nitro¬ 

gen, 

% 

Liver, 

%of 

total 

Fatty 

acids, 

% 

Liver, 

%of 

total 

Fasted  24  hours 

Saline 

0.6 

72.7 

5-4 

2.58 

4-15 

1-59 

9-4 

73-4 

5-05 

2.60 

3-5 

1.81 

12.0 

73-0 

5-4 

1-54 

6.1 

1-93 

17.6 

71.7 

5-3 

2.58 

6.05 

1-75 

13-2 

Control 

0.1 

71-3 

5-5 

2.62 

4-3 

1-57 

13-1 

muscle 

71.8 

5-15 

2-57 

5-2 

1.87 

ii.oy 

71.7 

5-3 

2-39 

5-4 

1-49 

13-2 

Hi 

0.2 

76. 1 

6.0 

2.40 

7-15 

1.69 

22.6 

77-1 

5-75 

2.30 

7-35 

1.21 

12.  1 

76.5: 

6.1 

2-29 

6.7 

1.06 

17-7 

72.1 

5-4 

2-44 

6.2 

1-33 

26.  2 

H4 

0.1 

73-8 

6.0 

2-49 

6.95 

1.46 

18.6 

72.6 

6.0 

2-43 

6.95 

1-63 

22.35 

1-51 

19-3 

H6 

0.2 

71-3 

5-5 

2.64 

6.3 

1.61 

19.0 

730 

6.2? 

2-50 

7-4 

1.98 

9-8 

1.64 

12-3 

HS 

0.2 

74- 1 

5.65 

2-73 

6.15 

1.20 

II. 4 

74-75 

5-85 

2.62 

4-85 

i.y6 

17.6 

71-95 

5-7 

2.78 

5-9 

H9 

0.2 

73-0 

6.05 

2.81 

6.8 

1-53 

18.9 

73-4 

7-25 

2.51 

6.8 

1-37 

19-05 

1-51 

11.2 

Fasted  48  hours 

Saline 

0.6 

71.85 

6.0 

2-59 

5-2 

1-51 

12.4 

72.6 

5-85 

2-75 

6.35 

1.80 

18.0 

71-4 

5-75 

2.71 

3-95 

1.46 

13-2 

71-95 

5-5 

2.63 

6.05 

1.78 

17.6 

Control 

0.2 

71.8- 

5-45 

2.61 

4-05 

1-47 

16.1 

muscle 

71-3 

6.0J 

2.76 

5-8 

1-39 

11.05 

7i-3 

5-8 

2-75 

5-7 

1-79 

14.2 

Hi 

0.2 

73-8 

5-55 

2.40 

5-85 

1-35 

20.3 

75-45 

6.05 

2.40 

6-4 

1.20 

18. 1 

77-5 

5-35 

2-33 

6-4 

1. 10 

20.9 

74-85 

6.3 

2-33 

4-0 

H6 

0.2 

71-3 

6.1 

2-73 

7-1 

1.66 

13-4 

71-3 

5-9 

2.89 

6-5 

1.88 

8.5 

1-57 

14.6 

Hfi 

0.2 

74.6 

5-9 

2-57 

4-35 

1.20 

11 .  1 

73-7 

5-i 

2-43 

6.15 

1-35 

16.8 

Hq 

0.2 

73-0 

5-4 

2-54 

6. 1 

1-47 

20.35 

71.7 

5-3 

2.58 

6.05: 

1.21 

23.6 

1-37 

16.95 

values  in  the  24'hour'fasted  animals  show  a  fair  constancy,  ranging  from  50  to  70 
mg.  %.  In  48'hour 'fasted  animals,  however,  the  results  are  not  as  uniform  as  those 
shown  with  the  24'hour'fasted  animals. 

==:^The  animals  treated  with  the  saline  extract  of  fresh  anterior  lobes  (J^i)  show  an 
exceptionally  high  total  body  glycogen  content.  Heating  the  saline  extract  in  a 
n/  10  HCl  medium  for  15  minutes  (Jvji)  resulted  in  a  considerable  loss  of  the  original 
effect  on  the  glycogen  stores.  Further  heating  (up  to  2  hours)  did  not  appear  to  alter 
the  potency  appreciably  (>(3  and  H4).  Heating  the  saline  extract  in  a  n/io  NaOH 
medium  for  15  minutes  (>^5)  resulted  in  a  loss  of  activity  probably  greater  than  that 
observed  with  the  acid  heated  extracts  >^2,  >(3  and  >(4.  These’results  are  in  agree- 


1 

July.  1940  PITUITARY.  BODY  GLYCOGEN.  HjO.  N  AND  FAT  ij5 

I  ment  with  our  previous  findings  (5)  and  confirmed  by  Young  (6).  Further  heating 

was  followed  by  practically  complete  inactivation  (J\16  and  7^7).  The  potency  of  the 
pH  5.5  isofiltrates  following  heating  for  30  minutes  in  a  n/  10  HCl  or  1%  ammonium 
hydroxide  medium  (7^8  and  7{g)  is  of  the  same  order  as  that  shown  by  the  acid  heated 
preparations  7^2,  7{3  and  7^4. 

The  ketogenic  potencies  of  the  various  fractions  are  in  agreement  with  previous 
findings,  its  stability  to  acid  heat  treatment  and  its  instability  to  alkali  heat  treat' 
ment  (i).  The  association  of  this  property  of  extracts  with  an  increased  fatty  acid 
content  of  the  liver  is  evident  (i,  7).  The  stability  of  the  antidiuretic  factor  to  heat 
in  a  n/  10  HCl  medium  and  its  instability  to  heat  in  an  NaOH  medium  is  also  well 

I  illustrated  (8).  Nevertheless,  the  greater  part  of  the  original  antidiuretic  potency 

remained  following  heating  in  a  1%  ammonium  hydroxide  medium  (T^g).  The  in' 

1  Table  j.  Average  results  of  table  2,  calculated  per  dry  weight  of  tissues 


Extract 

No. 

of 

mice 

Total 

body 

water, 

% 

Total  body 
nitrogen, 
dry  tissue, 

% 

Total  body  fatty  acids 

No.  of  mice  Fatty  acids, 

dry  tissue, 
% 

Saline 

4 

71.7 

Fasted  24  hours 

9.42 

4 

6.49 

Control 

i 

71.9 

9.01 

3 

6.09 

muscle 

Hi 

4 

75.5 

9.26 

4 

5.40 

H4 

2 

731 

9.19 

3 

5-51 

H6 

2 

72.1 

9.21 

3 

6.42 

H8 

3 

73-6 

10.25 

2 

5-23 

Hq 

2 

73-1 

9-93 

3 

5-49 

Saline 

4 

71-95 

Fasted  48  hours 

9.51 

4 

5-85 

Control 

3 

71.8 

9.62 

3 

5.50 

muscle 

Hi 

4 

75-3 

9.48 

3 

4-94 

H6 

2 

71-3 

9-79 

3 

5-93 

H8 

2 

74-1 

9.66 

2 

4.91 

Hq 

2 

71-3 

9.25 

3 

4.88 

creased  water  content  of  animals  treated  with  extracts  7{i,  7^4,  7{8  and  T^g  was 
due  probably  to  antidiuretic  substance. 

Apparently  the  preparations  used  did  not  produce  any  significant  variations  in 
the  total  body  nitrogen  of  mice.  To  illustrate  this  more  clearly,  the  average  results 
in  table  2  have  been  calculated  per  dry  weight  of  tissues  as  shown  in  table  3.  The 
distribution  of  both  water  and  nitrogen  between  the  liver  and  the  carcass  does  not 
appear  to  be  influenced  markedly  by  the  pituitary  preparations  used.  On  the  other 
hand,  the  administration  of  extracts  7{i,  7^4,  7{8  and  T^g  which  have  been  shown  to 
produce  an  increased  glycogen  content  of  mice,  resulted  in  an  appreciable  loss  of  the 
total  body  fatty  acids.  This,  together  with  the  associated  high  liver  fat,  strongly 
suggests  an  active  oxidation  of  fatty  acids. 

The  glycogen  stores  observed  in  the  animals  treated  with  extracts  7{2,  7^3,  7^4, 
7^7  and  7^8  may  be  the  result  of  the  accumulation  of  carbohydrate  stores  caused 
either  by  a  restraint  on  carbohydrate  oxidation  per  se  (9)  or  secondary  to  an  increased 
fat  catabolism  (10).  It  is  rather  difficult  to  account  for  the  unusually  high  glycogen 
stores  observed  in  the  animals  treated  with  the  original  saline  extract  of  fresh  anterior 
lobes.  This  latter  effect  may  be  associated  possibly  with  the  diabetogenic  action  of 
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such  preparations  as  described  by  Young  (ii,  12)  and  by  Campbell  and  Best  (13), 
particularly  in  view  of  the  heat-lability  of  this  complex. 

SUMMARY 

Evidence  is  presented  to  show  that  certain  anterior  pituitary  preparations,  on 
administration  to  normal  fasted  mice  (dba)  produce  an  appreciable  rise  in  total  body 
glycogen,  associated  with  a  low  content  of  fatty  acids.  Total  body  nitrogen  does  not 
appear  to  be  affected  to  any  appreciable  extent.  The  distribution  of  fatty  acids  be- 
tween  the  liver  and  the  carcass  is  suggestive  of  an  increased  oxidation  of  fatty  acids. 
The  retention  of  water  observed  may  be  accounted  for  by  the  antidiuretic  potencies 
of  the  extracts. 

The  unusually  high  glycogen  values  observed  with  saline  extracts  of  fresh  glands 
suggest  a  possible  relation  to  the  diabetogenic  function.  ^ _ 

The  authors  wish  to  express  their  appreciation  for  the  interest  which  Dr.  J.  B.  Ck>llip  has  shown  in 
the  prosecution  of  this  work,  which  has  been  carried  out  under  his  direction. 
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OPTICAL  STIMULI  AND  WATER  BALANCE  IN  FROGS 


ELDON  M.  BOYD  and  F.  MALCOLM  YOUNG 
From  the  Department  of  Pharmacology,  Queen's  University 

KINGSTON,  CANADA 

For  some  time  we  have  been  investigating  in  this  laboratory  the  Brunn  reaction 
in  frogs.  This  reaction  was  first  described  by  Brunn  in  1921  (i)  and  consists  of 
an  uptake  of  water  by  frogs  immersed  in  water  when  injected  with  an  extract 
of  the  posterior  pituitary.  Pituitrin  or  other  pharmacopoeial  extracts  of  the  neurohy' 
pophysis  have  been  generally  used  for  the  Brunn  reaction  in  doses  of  from  o.i  to  i 
i.u.  per  10  gm.  body  weight  of  frog.  This  dosage,  on  a  weight  basis,  corresponds  to 
approximately  i  pint  of  pituitrin  injected  into  an  adult  man. 

In  view  of  this  large  dose,  one  might  question  whether  or  not  the  Brunn  reaction 
could  correspond  to  the  effect  of  water  balance  hormone  liberated  by  the  frog’s 
own  neurohypophysis.  This  question  presupposes  that  a  water  balance  hormone  is 
elaborated  and  secreted  by  the  frog’s  pituitary  body.  From  data  available  it  can  be 
argued  only  by  analogy  with  other  animals  that  such  is  probably  the  case.  A  water 
balance  hormone  is  considered  to  be  secreted  by  that  part  of  the  hypophysis  referred 
to  by  Fisher,  Ingram  and  Ranson  (2)  as  the  neural  division  and  including  the  median 
eminence,  the  infundibular  stem  and  the  pars  neuralis.  Van  Dyke  (3)  has  reviewed  evi' 
dence  that  this  area  is  well  developed  in  the  frog  and  that  most  of  it  lies  anterior 
to  the  ‘anterior  pituitary’  or  pars  distalis.  Boyd  and  Dingwall  (4)  have  shown  that  a 
Brunn  reaction  can  be  obtained  with  acetic  acid  extracts  of  the  pituitaries  of  fish,  birds 
and  mammals  and  while  other  classes  of  the  vertebrate  subphylum  were  not  studied, 
it  would  appear  that  the  presence  of  this  principle  is  phyletically  constant  amongst 
the  vertebrates. 

Secretion  of  hormones  of  the  neural  division  appears  to  be  under  the  control  of 
the  hypothalamico'hypophyseal  tracts  which  have  been  known  anatomically  since 
1876  but  whose  physiological  significance  has  only  been  emphasized  by  the  brilliant 
studies  of  Fisher,  Ingram  and  Ranson  (2).  These  authors  have  established  that  nerves 
passing  to  the  neural  division  of  the  hypophysis  from  the  supraoptic  nucleus  and  the 
tuber  cinereum,  tracts  which  are  present  in  all  vertebrates,  control  the  amount  of 
water  balance  hormone  present  in  the  neurohypophysis.  Roussy  and  Mosinger  (5) 
visualize  various  reflex  pathways  to  the  neurohypophysis  through  these  two  nuclei. 
One  such  pathway  which  Roussy  and  Mosinger  suggest  is  a  retino'supraoptico 
hypophyseal  tract  whereby  stimuli  from  the  eye  might  cause  secretion  of  neuro¬ 
hypophyseal  hormone. 

We  decided  to  test  out  this  latter  possibility.  It  should  be  emphasized  that  while 
the  pituitary  control  of  water  balance  is  supported  by  a  great  body  of  experimental 
data,  there  still  remain  several  observations  to  the  contrary  (for  example  6, 7),  which 
will  require  explanation  before  the  theory  may  be  regarded  as  definitely  established. 

METHOD 

Boyd  and  Smith  (8)  have  shown  that  a  continuous  optical  stimulus  in  the  form  of 
very  bright  light  has  no  effect  on  the  body  water  of  frogs  over  a  period  of  several 
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hours.  We  decided  to  try  out  the  effect  of  interrupted  flashes  of  bright  light.  Leopard 
frogs  (R.  pipiens)  of  20  to  30  gm.  body  weight,  recently  obtained  from  a  dealer  in  the 
Province  of  Quebec,  were  assembled  one  in  each  of  400  cc.  glass'covered  beakers  con' 
taining  100  cc.  of  tap  water.  The  assembly  was  made  in  a  dark  room  and  all  experi' 
ments  were  performed  in  the  summer  months  at  which  time  the  Brunn  reaction 
reaches  maximal  values  in  this  locality  (9).  Suspended  above  the  table  upon  which  the 
beakers  were  arranged  was  an  inverted  cone  containing  at  its  apex  a  250'watt  bulb 
connected  with  a  cut'Out  key  which  was  revolved  by  a  geared  motor  adjusted  to 
produce  blinding  flashes  of  light  at  any  interval  desired. 

A  control  group  of  frogs  was  treated  in  every  experiment  in  exactly  the  same 
manner  except  that  it  was  not  subjected  to  the  blinding  flashes  of  light.  Changes 
in  body  water  were  measured  in  both  groups  as  changes  in  body  weight  at  hourly 
intervals  as  described  before  (10).  Weighings  were  made  with  the  aid  of  a  small  red 
bulb,  the  bright  flashing  being  interrupted  for  a  period  of  about  10  minutes  each  hour 
while  weighings  were  made.  Each  experiment  consisted  of  6  flashed  frogs  and  6  un- 
flashed  controls  and  such  experiments  were  repeated  as  often  as  indicated  to  yield 
significant  results.  Percentage  changes  in  body  weight  were  then  calculated,  cot' 
responding  changes  in  the  controls  subtracted  and  the  differences  plotted  against 
time. 

RESULTS 

Thermal  frogs.  Blinding  flashes  of  light  caused  normal  frogs  immersed  in  water  to 
lose  water.  After  several  preliminary  trials,  flashes  every  2.5  to  5.0  seconds  were 


HOURS 

Fig.  I.  Effect  of  interrupted,  blinding  flashes  of  ught  (solid  lines)  and  of  very  small  doses 

OF  PITUITRIN  (interrupted  LINES)  ON  THE  BODY  WATER  OF  FROGS  IMMERSED  IN  WATER. 

found  to  yield  the  maximal  changes  in  body  water  and  this  interval  of  flashing  was 
used  in  all  subsequent  experiments.  The  results  of  several  experiments  have  been 
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illustrated  in  figure  i.  Only  3  of  a  total  of  48  flashed  frogs  failed  to  lose  weight.  The 
maximal  loss  averaged  3  to  5%  of  the  initial  body  weight,  was  reached  in  from  4  to  6 
hours  and  maintained  up  to  13  hours,  the  longest  interval  studied.  There  were  no  sig' 
nificant  changes  in  the  weight  of  unflashed  controls  in  these  experiments. 

Minute  doses  of  pituitrin.  If  we  assume  for  the  time  being  that  the  results  of  the 
experiment  just  described  represent  the  effect  of  water  balance  hormone  liberated  by 
reflex  stimulation  of  the  pituitary  body,  it  is  obvious  that  the  picture  is  the  opposite 
of  that  seen  in  the  Brunn  reaction.  As  already  emphasized,  the  Brunn  reaction  entails 
the  use  of  relatively  large  doses  of  pituitrin.  Boyd,  Garand  and  Livesey  (ii)  have 
found  that  very  small  doses  of  pituitrin  reverse  the  ‘antidiuretic’  effect  of  this  extract 
on  water  diuresis  in  birds  and  mammals.  This  suggested  the  possibility  that  very 
small  doses  of  pituitrin  might  also  reverse  the  Brunn  reaction.  After  consulting  the 
doses  of  Boyd,  Garand  and  Livesey  (11),  we  selected  a  dose  of  one  millionth  of  an 
international  unit  of  pituitrin'  per  10  gm.  body  weight  of  frog  and  injected  this  into 
groups  of  frogs  in  water.  A  control  group  of  similar  numbers  of  frogs  was  injected 
with  an  equivalent  volume  of  the  pituitrin  vehicle,  0.5%  chlorbutol  and  0.25% 
acetic  acid.  There  were  no  significant  changes  in  the  weight  of  the  controls. 

In  32  of  36  frogs,  this  minute  dose  of  pituitrin  produced  a  loss  in  weight. 
Typical  curves  have  been  plotted  in  figure  i  as  interrupted  lines  and  it  may  be  seen 
that  the  loss  in  weight  corresponded  to  that  produced  by  blinding  flashes  of  light. 
These  results  indicated  that  optical  stimulation  by  interrupted,  blinding  flashes  of 
light  could  produce  changes  in  the  body  water  of  frogs  similar  to  those  produced  by 
minute  doses  of  pituitrin.  We  then  proceeded  to  experiments  designed  to  locaUze 
the  effect  of  optical  stimuli. 

Removal  of  the  eyes.  It  seemed  fairly  obvious  that  the  effect  of  the  flashes  of  light 
must  be  upon  the  eyes  but  in  order  to  prove  the  point,  we  removed  the  eyes  of  frogs 
and  repeated  the  flashing  experiment  in  the  dark  room.  A  curve  representing  the 
mean  effects  in  12  frogs  is  shown  in  figure  2.  There  were  no  significant  changes  in  the 
weight  of  unflashed  controls  nor  in  flashed  frogs.  These  results  proved  that  the  initial 
effect  of  flashes  of  light  was  upon  the  eyes. 

Chlorbutol  anesthesia.  To  see  if  the  effect  of  flashes  was  due  to  a  reflex,  chlorbutol 
in  watery  solution  was  injected  into  frogs  until  the  reflexes  were  lost,  using  hind  limb 
flexion  as  an  index.  Variations  in  body  weight  were  then  found  to  be  insignificant  in 
both  flashed  and  unflashed  frogs  (fig.  2).  When  reflex  action  was  thus  destroyed  by 
anesthesia  optical  stimuli  had  no  effect  on  body  water. 

Brain  pithing.  As  previously  stated,  the  majority  of  available  data  indicates  that 
stimulation  of  the  neurohypophysis  via  the  hypothalamico'hypophyseal  nerve  tracts 
causes  the  gland  to  secrete  a  hormone  which  affects  body  water.  If  one  prefers  to 
accept  the  view  of  the  hypothalamists,  as  recently  argued  by  Keller  (8),  it  is  a  secre- 
tion  from  the  hypothalamic  region  which  affects  body  water.  In  either  event,  if  the 
region  concerned  were  stimulated  by  impulses  from  the  eye,  pithing  the  brain  thor' 
oughly  should  prevent  elaboration  of  the  hormone  and  its  effect  on  body  water.  On 
the  other  hand,  the  occurrence  of  a  water  loss  in  flashed,  hypophysectomized  or 
posthypophyscctomized  frogs  would  not  necessarily  rule  out  the  neural  division  as 
the  site  of  action  since  Fisher,  Ingram  and  Ranson  (2)  have  shown  that  hypophysec' 
tomy  or  posthypophysectomy  rarely  if  ever  completely  removes  the  entire  neural 
division  and  Van  Dyke  (12)  has  illustrated  the  technical  difficulty,  almost  an  impos' 
sibility,  of  complete  hypophysectomy  or  posthypophysectomy. 

*  Pituitrin  was  provided  by  Dr.  E.  A.  Sharp  of  Parke,  Davis  Er*  Co.  This  Company  also  provided 
a  grant  to  defray  part  of  the  expenses  of  this  investigation. 
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When  frogs  were  brain-pithed  and  placed  in  water,  they  took  up  water  at  an 
average  rate  of  1.5%  of  body  weight  per  hour.  These  results  confirm  those  of  Adolph 
(13),  Steggerda  and  Freedman  (14)  and  others.  When  brain^pithed  frogs  were  simuh 
taneously  exposed  to  blinding  flashes  of  light,  an  almost  identical  uptake  of  water 
occurred.  When  the  percentage  changes  in  weight  of  unflashed  controls  were  sub' 
tracted  from  those  in  flashed  frogs,  the  result  was  an  insignificant  difference  which 
has  been  illustrated  in  figure  2.  It  may  be  concluded  that  destroying  the  brain  pre- 
vents  the  loss  in  body  water  induced  by  optical  stimuli.  In  the  light  of  evidence  re' 


HOURS 

Fig.  2.  Effect  of  interrupted,  blinding  flashes  of  light  on  the  body  water  of  frogs 

IMMERSED  IN  WATER  AND  TREATED  AS  INDICATED. 


viewed,  failure  of  an  effect  from  optical  stimuli  in  brain'pithed  frogs  would  seem 
most  likely  due  to  destruction  of  the  hypothalamico'hypophyseal  region  and/or 
nerve  tracts  leading  to  it. 

Spinal  cord  pithing.  The  evidence  obtained  up  to  this  point  indicated  that  optical 
stimuli  produced  a  loss  of  body  water  due  to  impulses  received  by  the  eye  and  trans' 
mitted  through  the  brain.  These  impulses  might  go  either  to  the  hypothalamico' 
hypophyseal  region  or  be  carried  down  the  spinal  cord  to  the  autonomic  nervous  sys' 
tern  and  suprarenal  medulla.  To  investigate  which  pathway  was  taken,  the  spinal 
cord  was  pithed.  Cord'pithed  frogs  also  gained  weight  when  placed  in  water.  Adolph 
(i  5)  has  reported  that  destroying  the  medulla  oblongata  causes  frogs  to  take  up  water. 
When  cord'pithed  frogs  were  subjected  to  blinding  flashes  of  light  they  also  took 
up  water  but  at  a  lesser  rate  than  that  of  the  unflashed  controls.  As  a  result,  when 
changes  in  the  unflashed  controls  were  subtracted  from  those  in  flashed  frogs,  it  was 
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seen  that  flashing  had  produced  a  loss  of  water  which  was  practically  the  same  as  that 
in  normal  frogs  (fig.  2).  Thus  pithing  the  spinal  cord  did  not  prevent  the  loss  of  water 
resulting  from  optical  stimuli  and  hence  one  may  conclude  that  the  impulse  from  the 
eyes  stopped  somewhere  in  the  brain  or  brain  glands. 

The  obvious  interpretation  of  these  several  experiments  is  that  optical  stimuli 
sent  impulses  to  the  hypothalamico'hypophyseal  region  where  a  hormone  was  set 
free  and  caused  frogs  in  water  to  lose  a  portion  of  their  body  water.  Boyd  and  Whyte 
(16)  have  reported  that  frogs  in  water  are  capable  of  continually  taking  up  and  losing 
water  at  a  considerable  rate.  From  this  available  source,  frogs  apparently  select  that 
amount  required  to  maintain  their  body  water  at  a  given  value  or  level.  The  expert 
ments  reported  up  to  this  point  would  suggest  that  the  pituitary  body,  or  adjacent 
hypothalamic  region,  is  capable  of  reducing  this  level  at  which  water  is  held  in  the 
body. 

DISCUSSION 

A  number  of  attempts  have  been  made  to  stimulate  secretion  of  an  animal’s  own 
neurohypophyseal  water  balance  hormone.  It  seems  to  us  at  the  time  of  writing, 
though  this  opinion  may  be  altered  by  subsequent  investigation,  that  these  researches 
may  be  conveniently  divided  into  two  groups  based  upon  the  teleological  vale  of  the 
effect  produced  by  apparent  stimulation  of  the  pituitary  body.  In  this  sense,  the 
first  group  includes  studies  in  which  apparent  stimulation  of  the  pituitary  region  has 
altered  body  water  in  a  direction  which  would  be  to  the  apparent  disadvantage  of  the 
body  and  the  second  group  to  the  apparent  advantage  of  the  body.  By  advantage  and 
disadvantage  we  mean  that  with  little  water  available  it  is  to  the  advantage  of  the 
body  to  conserve  what  it  has  and  with  a  great  deal  of  water  offered  to  the  body  it  is 
to  its  advantage  to  get  rid  of  the  excess  as  quickly  as  possible.  We  fully  admit  the  pit¬ 
falls  of  teleological  reasoning  but  in  the  present  instance  we  believe  that  it  can  be 
used  to  advantage. 

Apparent  disadvantageous  reactions.  On  the  assumption  that  acetylcholine  might 
facilitate  transmission  of  impulses  to  the  neurohypophysis  from  the  hypothalamus, 
Pickford  (17)  found  that  this  cholinergic  drug  inhibited  water  diuresis  in  dogs  but 
when  she  gave  it  to  thirsting  dogs  it  produced  a  diuresis.  Both  of  these  effects  were 
eliminated  after  removal  of  the  ‘posterior  pituitary  body.’  In  this  she  confirmed  the 
observations  of  Molitor  and  Pick  (18)  that  choline  inhibits  water  diuresis  in  dogs. 
With  the  kidneys  denervated,  Theobald  and  Verney  (19)  showed  that  any  of  several 
sensory  stimuli,  such  as  a  needle  inserted  into  the  4th  intervertebral  space,  produced 
inhibition  of  water  diuresis.  Ingram  (20)  has  only  occasionally  inhibited  water  diuresis 
in  anesthetized  cats  by  direct  stimulation  of  the  supraoptic  nucleus.  Mr.  N.  D. 
Garand  performed  some  preliminary  experiments  in  this  laboratory  in  which  he  sub¬ 
jected  albino  rats  during  water  diuresis  to  interrupted  flashes  of  light  and  saw  no 
effect  on  the  subsequent  loss  of  body  water;  repeating  the  experiment  and  carefully 
noting  all  details,  he  noted  that  the  rats  closed  their  eyes  and  went  to  sleep  during 
the  experiment  which  would  obviously  nullify  any  effect  upon  the  eyes. 

These  ‘antidiuretic’  effects  upon  water  diuresis  and  Pickford’s  (17)  ‘diuretic’ 
effect  in  thirsting  animals  would  appear,  on  the  surface  at  least,  to  be  disadvantageous 
reactions.  In  the  one  case,  the  animal  in  water  diuresis  is  apparently  presented  with 
an  excess  of  body  water  and  in  the  other  case  the  thirsting  animal  is  apparently  pre¬ 
sented  with  the  possibilities  of  dehydration.  There  are  two  factors  in  experiments  of 
this  type  which  upon  further  examination  might  reveal  that  the  disadvantage  is  more 
apparent  than  real.  In  the  first  place,  changes  in  body  water  have  been  measured  by 
changes  in  urine  volume  and  the  two  measures  may  not  necessarily  be  synonymous. 
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In  the  second  place,  a  water  diuresis  may  not  necessarily  mean  that  an  excess  of  water 
is  present  in  the  body.  Heller  and  Smirk  (21)  found  that  they  could  produce  a  water 
diuresis  in  animals  which  had  been  dehydrated  for  several  days  and  under  conditions 
in  which  it  would  seem  to  be  to  the  advantage  of  the  animal  to  hold  the  water  ad¬ 
ministered  to  it.  We  have  confirmed  the  observations  of  Heller  and  Smirk  in  this 
laboratory.  It  is  thus  possible  that  these  superficially  disadvantageous  reactions  may 
later  prove  to  be  also  advantageous. 

Apparent  advantageous  reactions.  Boyd  and  Whyte  (16)  have  shown  that  when 
frogs  are  placed  in  water  they  take  up  large  volumes  of  water  and  under  these  condi¬ 
tions  it  would  be  advantageous  if  the  pituitary  caused  or  facilitated  water  loss  which 
the  present  research  would  suggest  that  it  does.  In  harmony  with  this  view  is  the 
finding  of  Adolph  (15)  that  when  the  brain  is  destroyed  and  frogs  placed  in  water, 
they  take  up  water  until  they  die.  Michez  (22)  produced  a  diuresis  by  administering 
aminophylline  to  chloralosed  dogs  and  then  found  that  transcerebral  diathermy  in¬ 
hibited  the  diuresis.  Gilman  and  Goodman  (23)  found  that  an  antidiuretic  substance 
appeared  in  the  urine  of  rats  dehydrated  for  varying  periods  and  concluded  that  this 
represented  an  increased  secretion  of  antidiuretic  hormone  by  the  pituitary  in  re¬ 
sponse  to  the  need  for  the  conservation  of  water.  The  experimental  results  of  Gilman 


Table  i.  Effect  of  interrupted  blinding  flashes  of  light  on  the  loss  of  weight 
OF  frogs  taken  out  of  water 


Percentage  hourly  loss  of  weight 

I  hr. 

2  hr. 

3  hr. 

4  hr. 

Without  flashes  (mean) 

1.2 

3.8 

4.6 

5.8 

With  flashes  (mean) 

0.81 

2.4 

1-7 

3-3 

Mean  difference 

0.39 

1.4 

1.9 

a-5 

Standard  deviation  of  mean  difference,  ± 

o.8t 

0.63 

0.91 

0.76 

and  Goodman  have  in  general  been  confirmed  (24,  25)  but  Walker  (7)  in  a  very  careful 
study  and  extensive  review  of  the  literature,  emphasizes  that  the  antidiuretic  sub¬ 
stance  has  not  been  proven  to  come  from  the  pituitary  body. 

Reasoning  in  this  same  teleological  fashion,  if  frogs  are  taken  out  of  water  the 
secretion  of  the  pituitary  should  inhibit  loss  of  water  and  further  stimulation  of  the 
hypothalamico'hypophyseal  region  through  the  eyes  as  in  the  experiments  described 
herein  should  further  inhibit  the  loss  of  water.  We  investigated  this  in  36  frogs  taken 
out  of  water  and  exposed  to  interrupted  flashes  of  brilliant  light.  The  results  so  ob¬ 
tained  were  compared  with  those  in  36unflashed  controls.  In  both  groups  the  frogs  lost 
water  but  the  loss  was  less  in  the  flashed  group.  A  statistical  summary  of  the  results 
is  given  in  table  i  and  from  this  it  is  apparent  that  as  the  difference  between  the 
groups  widened,  the  mean  difference  became  statistically  significant,  i.e.  it  became 
two  to  three  times  its  standard  deviation. 

These  results  indicate  that  when  frogs  are  exposed  to  a  drying  environment  stimu¬ 
lation  of  the  pituitary  body  tends  to  counteract  the  loss  in  body  water.  Boyd  and 
Whyte  (26)  investigated  doses  of  pituitrin  as  low  as  0.025  u  per  10  gm.  body  weight 
of  frog  and  found  that  these  tended  to  inhibit  the  loss  of  body  water  in  frogs  taken 
out  of  water.  Dr.  A.  L.  Segal  in  this  bboratory  is  extending  the  dosage  range  to  mi¬ 
nute  amounts  and  finds  that  even  these  very  small  doses  of  pituitrin  tend  to  inhibit 
the  loss  of  body  water  in  frogs  out  of  water. 

Whether  or  not  these  diammetrically  opposite  effects  of  pituitrin  and  of  stimula¬ 
tion  of  the  pituitary  are  due  to  two  principles  or  to  a  variable  effect  of  one  principle 
on  end  organs  or  cells  in  different  states  of  water  balance  remains  to  be  investigated. 
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- -  SUMMARY 

Repeated  blinding  flashes  of  light  caused  frogs  immersed  in  water  to  lose  a  per- 
centage  of  their  body  water.  The  effect  was  analogous  to  that  of  very  small  doses  of 
pituitrin.  No  loss  of  body  water  resulted  if  the  eyes  were  removed,  if  the  reflexes 
were  lost  under  anesthesia  or  if  the  brain  was  destroyed  by  pithing.  Pithing  the  spinal 
cord  did  not  affect  the  reaction  to  optical  stimuli.  It  is  concluded  that  optical  stimuli 
had  reflexly  stimulated  the  output  of  a  water  balance  hormone  from  the  hypothalami 
ico-hypophyseal  region  and  that  this  hormone  had  lowered  the  level  of  water  in  the 
body. 

Evidence  pertaining  to  the  control  of  body  water  by  the  neurohypophysis  is 
reviewed  in  an  attempt  to  relate  this  control  to  the  especial  needs  of  the  body  at  any 
one  given  time.  Apropos  of  this,  further  data  are  presented  indicating  that  optical 
stimuli  cause  retention  of  body  water  when  frogs  are  exposed  to  a  drying  environ¬ 
ment. 
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EFFECTS  OF  SEASONS  AND  PITUITARY  EXTRACTS  ON  THE  THYROID 
LLEWELLYN  THOMAS  EVANS  and  ERLING  HEGRE 
From  the  Department  of  Zoology,  University  of  Missouri 
COLUMBIA,  MISSOURI 

WHEN  THE  normal  thyroid  of  the  turtle,  Emys  europaea,  was  studied  (i)  it 
was  found  that  no  substantial  histological  difference  existed  between  this 
form  and  other  vertebrates.  Innervation  of  the  gland  is  supplied  by  the 
vagus  and  the  sympathetic. 

Seasonal  changes  alter  the  thyroid  activity.  Species  which  are  relatively  active  during 
the  winter,  such  as  the  English  sparrow  (2),  the  albino  rat  (3)  and  Atiolis  carolinensis  from 
the  environs  of  New  Orleans  (4),  seem  to  have  activated  thyroids  with  little  colloid  storage 
during  the  coldest  months,  while  in  the  spring  and  early  summer  such  thyroids  have  low 
cuboidal  epithelial  cells  and  marked  colloid  storage  except  during  normal  ovulation  (4).  In 
contrast,  animals  which  hibernate,  such  as  the  European  species  of  Lacerta  in  Germany  (5), 
the  ground  squirrel,  Ciullus  (6),  the  bat  and  hedgehog  (7,  8),  and  frogs  (9,  10),  show  a 
reversal  of  this  activity,  the  thyroid  being  inactive  with  low  cuboidal  epithelium  and 
marked  colloid  storage,  while  in  spring  and  early  summer  relatively  little  colloid  storage  is 
evident  and  the  cells  of  the  follicular  epithelium  are  high  cuboidal  or  columnar  in  shape 
indicating  marked  activity. 

The  stimulating  effects  of  pituitary  injections  upon  the  thyroid  have  been  studied  in 
lizards  (ii),  in  snakes  (12),  in  birds  (2, 13)  and  in  rabbits  (14).  The  lack  of  species  specificity 
of  the  thyrotropic  fraction  of  the  pituitary  is  indicated  by  the  fact  that  avian  pituitary 
stimulates  the  salamander  thyroid  (15)  while  anuran  pituitary  stimulates  the  thyroid  of  the 
guinea  pig  (16). 

Increased  thyroid  activity  occurs  shortly  after  coition  in  the  rabbit  (17)  and  during  late 
pregnancy  and  lactation  in  the  ground  squirrel  (6).  In  the  pigeon  hyperactivity  of  the  thyroid 
occurs  during  ovarian  follicular  growth  (18).  Normal  ovulation  as  well  as  injections  of  theelin 
stimulate  the  thyroid  (4)  in  the  lizard,  Anolis  carolinensis. 

Spontaneous  activity  in  the  rat  is  increased  when  thyroid  extract  is  administered  (19). 
In  Anolis  the  urge  to  defend  territory  and  the  pugnacity  of  both  sexes  are  increased  by 
thyroid  injections  (20).  This  is  true  also  of  male  Anolis  which  have  received  anterior  pituitary 
injections  containing  the  thyrotropic  principle  (21). 

MATERIALS  AND  PRCXEDURE 

A  total  of  27  turtles  (Chrysemys  picta  bellii)  was  used  during  the  summer,  fall 
and  winter  of  1937.  Fourteen  females  and  3  males  received  varying  amounts  of  beef 
whole  gland  pituitary  extract  (Armour  ^  Company) ;  7  females  and  3  males  served 
as  controls.  All  turtles  were  fed  and  cared  for  identically  except  in  the  matter  of 
injections.  They  were  kept  at  relatively  constant  room  temperature.  Vitamins  A, 
C  and  D  were  added  in  equal  amounts  to  the  meat  diet  of  both  series. 

Data  concerning  the  animals  used  may  be  found  in  table  i :  weights,  number  of 


*  This  research  was  made  possible  by  grantS'iii'aid  from  The  Elizabeth  Thompson  Science  Fund  and 
from  the  American  Academy  of  Arts  and  Sciences. 
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daily  pituitary  injections,  dates  on  which  animals  were  killed,  and  the  average  di' 
ameter  of  typical  thyroid  follicles,  as  well  as  the  average  height  of  the  cells  which 
made  up  the  follicular  walls.  The  figures  given  are  the  average  of  approximately  120 
individual  measurements  of  follicles  and  of  cell  heights  from  each  turtle.  A  single 
injection  of  pituitary  extract  was  equivalent  to  0.025  gm.  of  dry  powder. 

It  is  to  be  noted  that  4  females  received  large  amounts  of  extract  and  were  then 
allowed  a  rest  of  from  81  to  136  days  before  being  autopsied  in  order  to  discover 
whether  the  thyroids  would  return  to  normal  or  become  atrophied  after  cessation 
of  injections. 

The  thyroids  were  removed  immediately  after  decapitation,  fixed  in  Helly’s  fluid, 
sectioned  at  5/i,  stained  with  hematoxylin  and  eosin  and  mounted  in  balsam. 


Table  i.  Effects  of  pituitary  extracts  upon  Chrysemys 


Injected 

Ckjntrols 

Weight, 

gm. 

No. 

injec¬ 

tions 

Inter¬ 

val,* 

days 

Date 

killed 

Ave.  dia. 
folli¬ 
cles,  n 

Ave. 
height 
cells,  /i 

Weight, 

gm. 

Date 

killed 

Ave.  dia. 
folli¬ 
cles,  fi 

Ave. 
height 
cells,  M 

Males 

571 

9 

I 

10/ j 

75-1 

14-5 

561 

10/5 

97-5 

7-5 

496 

9 

I 

10/ J 

66.5 

15-9 

499 

10/5 

105-9 

8-7 

58J 

8 

1 

10/51 

125.0 

15-0 

605 

10/51 

155-9 

8-4 

Ave.  550 

9 

I 

88.1 

17.0 

555 

111-5 

8.1 

Females 

685 

20 

I 

7/50 

85-4 

25.0 

760 

7/50 

191.2 

10.5 

740 

16 

I 

7/50 

105-7 

16.5 

760 

7/50 

171-4 

9-5 

470 

10 

I 

7/50 

102.5 

15-9 

760 

7/50 

109.8 

9-5 

675 

4 

I 

7/50 

115-9 

11. 0 

9>S 

12 

I 

8/4 

95-1 

19.8 

945 

8/5 

156.9 

9-5 

787 

10 

I 

8/5 

95-8 

16.2 

911 

10 

I 

8/y 

88.6 

16.5 

1119 

9 

1 

8/5 

109-5 

14-5 

951 

8/5 

159-7 

9-5 

1021 

7 

1 

8/4 

124.8 

9-9 

977 

8/7 

117-3 

8-4 

918 

7 

1 

8/4 

107.0 

14-4 

Ave.  824 

10.5 

I 

102.4 

15-7 

858 

151.2 

9-5 

700 

J9 

1/11/58 

115-1 

16.  I 

871 

11/26 

174-9 

8-7 

7J7 

i4 

105 

12/20 

66.9 

26. 1 

700 

41 

127 

1/11/58 

105-5 

16.8 

851 

41 

81 

11/26 

109-5 

15-9 

Ave.  772 

112 

98.2 

18.2 

871 

174-9 

8-7 

*  Indicates  number  of  days  elapsing  between  dates  of  last  injection  and  autopsy. 


RESULTS 

Females  which  were  treated  with  pituitary  and  killed  in  the  last  two  weeks  of 
July  had  thyroids  with  follicles  averaging  i02iu  in  diameter.  The  epithelial  walls 
were  partially  collapsed  and  the  follicular  colloid  was  vacuolated.  The  epithelial  cells 
averaged  15.7JU  in  height  and  were  tall  and  columnar  in  shape.  The  uninjected  females 
killed  at  the  same  time  showed  larger  thyroid  follicles,  averaging  151/i  in  diameter, 
with  round  distended  outlines  in  cross  section  and  filled  with  relatively  clear  pale- 
staining  colloid.  The  height  of  the  follicular  cells  averaged  9.4/i  and  were  relatively 
low  columnar  in  shape. 

The  3  injected  males  showed  similar  hypertrophy.  The  follicles  averaged  88/i  in 


146 


LLEWELLYN  THOMAS  EVANS  AND  ERLING  HEGRE 


Volume  17 


diameter  and  the  height  of  the  epithelial  cells  averaged  17.09/i,  while  those  of  the 
3  uninjected  males  averaged  112//  in  diameter  and  8.18/i  in  epithelial  cell  height. 
The  colloid  content  of  the  follicles  was  similar  in  appearance  to  those  of  females 
mentioned  above.  The  height  of  the  follicular  epithelial  cells  of  control  males  was 
15%  less  than  the  cells  of  the  untreated  females  mentioned. 

The  4  heavily  treated  females  which  were  retained  to  study  after  effects  of  the 
pituitary  extract  showed  an  average  follicular  diameter  of  98^  and  cell  height  of 
i8.2/i.  The  female  autopsied  105  days  after  treatment  had  very  small  follicles  (aver- 


Fig.  I.  C'l.  Control  female.  Killed,  7/J0/J7.  Fig.  2.  Ci.  Female.  Twenty  injections  of  pituitary 
extract.  Killed,  7/jo/j7-  Fig-  5-  Control  male.  Killed,  io/j/j7.  Fig.  4.  IIRi.  Male.  Nine  injections 
of  pituitary  extract.  Killed,  io/j/j7.  Fig.  5.  C'.  Control  female.  Killed,  11/16/J7.  Fig.  6.  £'.  Female. 
Forty-one  injections  of  pituitary  extract.  Killed,  11/26/37,  75  the  last  injection.  All  figures 

are  Xjjj. 

aging  66/2  in  diameter)  and  the  tallest  or  most  hypertrophied  cells  (26.1/2)  of  any 
turtle  studied,  while  the  2  females  autopsied  127  and  81  days,  respectively,  after 
treatment  had  follicles  averaging  106/2  in  diameter  and  cells  of  15.4/u  average  height. 
Whether  the  thyroids  of  these  4  would  ever  have  returned  completely  to  the  con¬ 
dition  of  the  untreated  females  cannot  be  stated,  but  it  might  be  surmised  that  a 
very  long  time  would  be  required  since,  after  an  average  of  112  days  elapsed,  the 
follicles  were  about  the  same  size  as  in  females  autopsied  immediately  after  injections. 
The  average  diameter  of  the  follicle  of  the  control  female,  autopsied  November  26, 
was  174/2  while  the  average  follicular  cell  height  was  8.7/2.  The  colloid  of  this  speci¬ 
men  was  excessively  brittle  and  very  difficult  to  section. 

DISCUSSION 

The  response  of  Chrysemys  thyroids  to  the  winter  season  seems  to  resemble  that 
of  typical  hibernating  forms  mentioned  above  in  spite  of  the  fact'  that  the  turtles 
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used  in  this  experiment  were  kept  at  a  fairly  uniform  room  temperature  (70°  F.)  and 
fed  at  regular  intervals  throughout  the  autumn  and  winter  months.  Eggert  (ii) 
found  a  similar  response  in  thyroids  of  three  species  of  Lacerta  collected  in  Germany. 
When  kept  in  a  heated  greenhouse  all  winter,  the  thyroids  of  these  lizards  differed 
in  no  particular  from  those  of  hibernating  specimens  kept  out  of  doors  except  that 
those  of  the  former  became  hypertrophied  about  6  weeks  earlier  in  the  spring.  By 
contrast,  specimens  of  Anolis  kept  throughout  the  winter  at  70°  F.  (4)  showed  hyper¬ 
trophied  thyroids  with  no  colloid  storage.  Since  these  animals  had  been  collected 
from  the  environs  of  New  Orleans  where  their  normal  winter  period  of  inactivity 
is  relatively  short,  it  is  assumed  that  they  may  be  classed  with  the  albino  rat  and 
the  English  sparrow  in  regard  to  activity  throughout  the  winter.  Ck)ld  stimulates 
the  thyroid  gland  of  the  rat  (3)  and  sparrow  (2) ;  heat  depresses  the  activity  of  the 
thyroid  (3). 

The  fact  that  room  temperature  in  winter  had  so  little  effect  upon  typical  hiber¬ 
nating  reptiles  such  as  Lacerta  (i  i)  and  Chrysemys  or  upon  a  reptile  which  is  prac¬ 
tically  nonhibemating  in  its  southern  range  (4)  indicates  that  some  sort  of  genetic 
time  factor  may  be  operating  in  reptiles  which  is  distinct  from  the  temperature 
factor.  Holzapfel  (9)  indicated  that  temperature  was  not  the  determining  factor  in 
relation  to  hibernation  of  Rana  pipiens.  It  was  found  that  frogs  subjected  to  low 
temperatures  in  summer  survived  only  one-third  as  many  days  as  they  did  in  mid¬ 
winter.  Furthermore,  they  showed  a  gain  in  weight  in  winter  but  a  loss  in  summer 
when  kept  at  zero  temperature.  Nonhibemating  frogs  (Acris)  failed  to  respond  to 
changes  in  temperature  in  like  manner. 

The  lack  of  species  speciScity  of  the  beef  pituitary  extract,  including  the  thyro¬ 
tropic  fraction,  used  in  this  experiment  was  well  shown  by  the  marked  hypertrophy 
induced  in  the  turtle  thyroids  by  the  decreasing  size  of  the  follicles  and  the  increasing 
height  of  the  follicular  cells. 

Examination  of  the  after  effects  of  the  injections  showed  a  lack  of  refractoriness 
on  the  part  of  the  turtle  thyroid.  A  study  of  the  problem  of  antihormones  in  reptiles 
is  being  made  to  discover  whether  this  refractoriness  arises  because  of  an  absence  of 
these  antibodies  or  for  some  other  reason. 

SUMMARY 

Twenty -seven  adult  turtles  (collected  within  30  miles  of  Missoula,  Montana) 
were  used.  Seven  females  and  3  males  served  as  controls;  10  females  and  3  males 
received  from  4  to  20  daily  injections  of  beef  whole  pituitary  extract.  They  were 
killed  24  hours  after  the  last  injection.  Four  females  received  an  average  of  36  in¬ 
jections  and  were  killed  between  81  and  136  days  after  the  last  injection. 

The  injections  uniformly  decreased  the  size  of  thyroid  follicles  and  increased  the 
height  of  the  follicular  cells.  The  after  effects  of  the  injections  showed  a  lack  of  re¬ 
fractoriness;  the  degree  of  hypertrophy  was  about  the  same  as  in  turtles  killed  24 
hours  after  the  last  injection. 

Thyroids  collected  in  midwinter  were  of  the  inactive  sort  typical  of  hibernating 
forms,  with  low  cuboidal  follicular  epithelium  and  marked  colloid  storage. 
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OCCURRENCE  OF  ESTROGENS  IN  THE  OVARIES 
OF  CERTAIN  MARINE  INVERTEBRATES' 


J.  KENNETH  DONAHUE 
From  the  Department  of  Biology,  College  of  Charleston, 
and  the  Bermuda  Biological  Station  for  Research,  Inc. 

CHARLESTON,  SOUTH  CAROLINA  AND  ST.  GEORGES,  BERMUDA 

The  extraction  of  estrogenic  substances  from  other  than  mammalian  sources 
lends  credence  to  the  view  that  the  female  sex  hormone,  as  it  is  now  identified, 
probably  has  a  long  phylogenetic  history  (i).  In  a  representative  list  of  ma^ 
terials  from  which  estrogens  may  be  extracted  (2),  it  is  noteworthy  that  few  attempts 
have  been  made  to  extract  estrogens  from  the  ovaries  of  lower  vertebrates  and  in^ 
vertebrates.  However,  among  more  recent  reports  evidence  has  been  presented 
indicating  the  presence  of  estrogens  in  the  ovaries  of  swordfish  (3),  echinoderms  (4), 
and  in  holothurians  and  Crustacea  (5).  That  sex^regulating  hormones  may  be  expected 
to  be  found  in  certain  insects  also  is  indicated  in  the  studies  summarized  in  a  review 
article  on  that  subject  (6).  The  present  communication  deals  with  an  investigation 
carried  out  to  determine  the  presence  of  estrogens  in  four  species  of  marine  in^ 
vertebrates. 

MATERIALS  AND  METHODS 

The  ovarian  tissues  were  collected  in  Bermuda  during  the  summer  of  1938.  The  choice 
of  tissues  to  be  extracted  was  limited  to  those  forms  which  could  be  collected  in  quantity. 
The  waters  in  and  around  Bermuda  contained  large  enough  numbers  of  the  following  species 
to  yield  sufficient  material  for  extraction -.the  common  Bermuda  sea  urchin,  (Lytechinus  varies 
gatus),  the  reef  urchin,  (Echinometria),  the  holothurian,  (Stichopus  mobii)  and  the  lobster, 
(Panulirus  argus).  In  all  cases  the  ovaries  were  either  sexually  mature  or  rapidly  approaching 
that  state  when  collected.  After  each  collecting  trip  the  ovaries  were  dissected  out,  drained 
of  as  much  sea  water  as  possible,  and  then  thoroughly  ground  in  a  mortar.  The  ground  tissues 
were  then  placed  in  3  times  their  bulk  of  95%  ethyl  alcohol.  Extraction  work  was  carried 
out  in  Charleston  during  the  following  autumn  and  winter.  The  extraction  procedure 
aimed  at  obtaining  as  great  a  yield  of  estrogenic  material  as  possible  rather  than  a  pure 
product.  Because  of  the  considerable  loss  of  activity  which  accompanies  purification  pro- 
cedures  greater  amounts  of  tissue  than  are  usually  obtainable  would  have  been  necessary. 

The  tissues  were  extracted  with  5  times  their  volume  of  95%  ethyl  alcohol,  the  process 
being  repeated  once.  Each  extraction  period  lasted  for  48  hours  during  which  time  the  mix- 
tures  were  frequently  shaken.  The  alcoholic  extracts  were  filtered,  combined  with  the  origi¬ 
nal  alcoholic  extract  and  concentrated  by  distillation  under  reduced  pressure.  The  tissue 
residues  were  treated  in  like  manner  with  3  extractions  with  acetone  and  finally  with  3 
extractions  with  petroleum  ether.  The  3  concentrates  were  combined  and  diluted  with 
various  amounts  of  com  oil  for  purposes  of  injection.  The  concentrates  appeared  as  heavy 
brown  oils  having  a  distinctly  ‘fishy’  odor.  All  of  the  concentrates  were  homogeneous  with 
the  exception  of  the  holothurian  extract.  This  separated  into  an  oil  and  wax  layer  necessitat¬ 
ing  the  removal  of  the  wax  by  means  of  suction  filtration.  All  of  the  extracts  gave  positive 
Salkowski  reactions  indicating  the  presence  of  sterols.  Data  on  equivalents  are  as  follows: 

*  The  expenses  of  this  investigation  were  defrayed  by  a  grant  from  the  Penrose  Fund  of  The  Ameri¬ 
can  PhilosopWcal  Society. 


149 


150 


J.  KENNETH  DONAHUE 


Volume  27 


I  cc.  of  Sticho/nw  extract  represented  about  i  gm.  of  dried  ovarian  tissue,  i  cc.  of  Echino' 
metria  extract  represented  about  0.25  gm.  of  dried  tissue,  i  cc.  of  Panulirus  extract  repre- 
sented  about  2  gm.  of  dried  tissue  and  i  cc.  of  Lytechinus  extract  represented  about  0.5  gm. 
of  dried  tissue,  these  differences  being  due,  of  course,  to  the  differences  in  the  fat  content 
of  the  various  tissues. 

Mature,  ovariectomized  rats  of  the  Wistar  strain  were  used  as  test  animals.  All  animals 
were  allowed  a  lo-day  period  of  rest  following  ovariectomy  to  ensure  the  complete  regression 
of  the  reproductive  tracts.  Several  modes  of  extract  administration  were  adopted  to  deter¬ 
mine  which  one  would  give  the  greatest  vaginal  response.  In  some  cases  extract  was  given 
subcutaneously  once  daily  for  a  period  of  10  days.  Others  were  given  subcutaneous  injections 
every  other  day  and  on  alternate  days  extracts  were  applied  directly  to  the  vagina.  Finally, 
certain  animals  were  given  daily  applications  of  extract  to  the  vagina.  Vaginal  smears  were 
taken  once  daily.  It  has  been  noted  that  vaginal  smears  taken  twice  daily  with  a  cotton  swab 
may  cause  marked  thickening  of  the  vaginal  epithelium  although  comification  does  not 
occur  (7).  In  these  experiments  smears  were  taken  once  daily  with  a  toothpick  thinly  covered 
with  cotton  and  moistened  with  saline.  The  swab  was  inserted  not  more  than  0.5  cm. 
and  not  rotated.  The  controls,  which  were  treated  with  equivalent  amounts  of  com  oil 
only,  showed  no  evidences  of  epithelial  growth  of  the  vagina.  All  animals  were  killed  on  the 
nth  day  and  the  uteri  and  vaginae  fixed  for  histological  study. 

RESULTS 

Table  I  indicates  the  effects  of  extracts  upon  the  vaginae  and  uteri  of  the  experi¬ 
mental  group.  With  the  exception  of  the  extract  of  Lytechinus  ovaries,  which  was  a 


Table  i.  Effects  of  extracts  of  invertebrate  ovaries  on  the  rat  uterus  and  vagina 


Rat» 

Age 

E>aily  dosage 
extract  corn  oil 

Route* 

Effect  on 
vagina’ 

Effect  on 
uterus 

days 

CC. 

cc. 

S  I 

190 

0.25 

0.25 

s.c. 

None 

None 

S  2 

190 

0.40 

O.IO 

S.C.'V. 

12 

Hyperemic 

s  3 

80 

0.25 

0.25 

V. 

8 

Hyperemic 

S4 

80 

0.40 

0. 10 

V. 

9 

Hyperemic 

E  I 

190 

0.25 

0.25 

s.c. 

3 

Slight 

£  2 

190 

0.40 

O.IO 

S.C.'V. 

12 

Hyperemic 

E3 

90 

0.25 

0.25 

V. 

5 

Hyperemic 

P  I 

190 

0.25 

0.25 

S.C.'V. 

4 

Slight 

P2 

90 

0.25 

0.25 

V. 

5 

Slight 

L  I 

190 

0.25 

0.25 

V. 

0 

None 

L2 

190 

0.40 

0.10 

S.C.'V. 

0 

None 

‘  S=Stichof>us,  E=  Echinometria,  P=Palinurus,  L=  Lytechnius. 

*  8.c.= subcutaneous  injections  throughout.  s.c.-v.= subcutaneous  injections  alternated  with  direct 
applications  to  the  vagina.  v.= direct  appucations  to  vagina  throughout. 

‘  Numbers  indicate  approximate  number  of  cell  layers  in  vaginal  epithelium. 


year  older  than  the  other  extracts  and  found  to  be  potent  a  year  previously,  all  of 
the  extracts  contained  estrogenic  material.  It  is  seen  that  the  extracts  of  Stichopus 
and  Echinometria  were  particularly  effective  when  given  by  the  subcutaneous  route 
combined  with  direct  vaginal  applications  on  alternate  days.  The  appearance  of  the 
vaginae  of  several  of  the  positively  reacting  animals  is  shown  in  figures  i  to  6.  Com¬ 
pared  with  the  controls,  in  which  the  vaginal  epithelium  is  shrunk  to  a  thin  layer  of 
tissue  not  more  than  2  cell  layers  in  thickness,  the  growth  elicited  by  these  extracts 
is  clearly  indicated,  amounting  in  some  instances  to  12  layers  of  newly  grown  cells. 
The  smear  records  of  the  positively  reacting  animals  followed  similar  courses.  On 
the  3rd  day  a  marked  diminution  of  leucocytes  was  noted  together  with  the  appear¬ 
ance  of  large  numbers  of  nucleated  epithelial  cells.  Later,  during  the  7th  or  8th  days. 


Fig.  I.  Vagina  of  rat  S2  treated  with  extract  of  Stichopus  ovaries.  Subcutaneous  injections 
alternated  with  direct  vaginal  applications.  0.4  cc.  extract  given  daily.  X34-  Fig.  2.  Vagina  of  rat  S4. 
0.4  cc.  Stichopus  extract  daily  directly  applied  to  vagina.  Fig.  j.  Vagina  of  rat  £2.  0.4  cc.  of  extract  of 
Echinometria  ovaries  by  alternate  injections  and  vaginal  applications.  Fig.  4.  Vagina  of  rat  £3.  0.25  cc. 
Echinometria  extract  applied  daily  to  vagina.  Fig.  5.  Vagina  of  rat  P2.  0.25  cc.  Patiulirus  extract  applied 
directly  to  vagina.  Fig.  6.  Vagina  of  control  treated  with  0.4  cc.  corn  oil  by  alternate  injections 
and  vaginal  application.  All  treatments  for  10  days. 

DISCUSSION 

The  experimental  evidence  points  to  the  conclusion  that  these  extracts  all  con' 
tained  small,  but  detectable,  amounts  of  estrogenic  substance.  Since  estrus  could  not 
be  produced  within  the  usual  36'hour  period,  which  serves  as  a  criterion  for  testing 
standard  estrogens,  it  seems  clear  that  the  daily  dosage  of  extract  used  here  contained 
less  than  a  rat  unit  of  estrogen.  However,  the  fact  that  vaginal  growth  approximating 
that  obtainable  with  standard  estrogens  was  achieved  in  some  instances,  suggests 
that  extracts  obtainable  from  these  sources  may  have  a  more  specific  effect  upon  the 
vagina  while  having  relatively  no  effect  upon  the  uterus.  Until  these  extracts  can  be 
freed  of  contaminants,  an  accurate  bioassay  of  their  estrogenic  contents  is  not 
possible.  The  role,  if  any,  played  by  estrogenic  substances  in  animals  occupying  this 
position  on  the  evolutionary  scale  is  not  yet  understood.  That  these  substances  are 
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many  cornified  epithelial  cells  appeared  and  in  some  instances  (Pi,  £2,  S2)  typical 
estrous  smears  were  taken  at  that  time.  In  no  case  was  full  estrous  maintained  to 
the  end  of  the  injection  period.  Invariably,  despite  the  continuance  of  extract  ad' 
ministration,  small  numbers  of  leucocytes  were  noted.  In  some  cases  the  uteri  showed 
signs  of  growth  and  dilation  of  the  uterine  blood  vessels  but  there  was  no  detectable 
swelling  with  fluid  as  is  seen  in  normal  estrous.  The  controls  showed  no  disturbance 
of  the  diestrous  phase  resulting  from  previous  ovariectomy. 
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located  in  the  ovaries  and  not  in  the  somatic  tissue  is  attested  to  by  the  observation 
that  extracts  of  intestinal  tissue  combined  with  other  somatic  tissue  give  no  vaginal 
response.  A  more  comprehensive  understanding  of  the  chemical  nature  as  well  as 
the  physiological  significance  of  these  estrogenic  sterols  in  lower  forms  is  desirable; 
for  if  they  are  true  phylogenetic  antecedents  of  the  mammalian  estrogens  the  hope  of 
obtaining  a  clearer  understanding  of  the  latter  in  terms  of  their  evolution  might 
be  more  fully  realized. 

SUMMARY 

Extracts  of  the  ovaries  of  four  species  of  marine  invertebrate:  Lytechinus  vark' 
gatus,  Echinometria,  Stkhopus  mobii  and  Panulirus  argus  were  found  to  cause  growth 
of  the  vaginal  epithelium  of  mature,  ovariectomized  rats.  In  some  cases  full  estrous 
smears  were  taken.  In  no  case  was  the  uterine  response  more  than  slight.  It  is  con^ 
eluded  that  the  daily  dosage  of  extract  contained  less  than  the  standard  rat  unit  of 
estrogen.  The  possible  significance  of  these  estrogenic  materials  to  mammalian 
physiology  is  discussed. 

The  writer  gratefully  acknowledges  the  kind  cooperation  of  Dr.  Hilary  B.  Moore  of  the  Bermuda 
Biological  Station  in  obtaining  the  material  used  in  this  study. 
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«  CLINICAL  AND  LABORATORY  NOTES  ^ 


INDUCTION  OF  MENARCHE  AND  DEVELOPMENT  OF  SEC' 
ONDARY  SEXUAL  CHARACTERISTICS  IN  A  WOMAN 
AGED  34  BY  INJECTIONS  OF  ESTRADIOL  DIPROPIONATE* 

Roberto  F.  Escamilla  and  H.  Lisserf 

This  patient  was  seen  in  the  Out-Patient  Department  of  the  University  of  California 
Hospital  (U  45184)  in  June  1939,  having  been  referred  by  Dr.  I.  Alexander  of  Oak¬ 
land,  California.  It  was  said  that  she  appeared  to  be  12  years  old  when  actually  18, 
so  that  she  only  paid  half  of  the  admission  fee  in  theaters  at  that  time.  Also  she  was  said  to 
have  grown  6  inches  between  17  and  26  years  of  age,  which  if  true  and  by  no  means  unlikely 
in  view  of  her  status  at  34,  strongly  suggested  primary  hypogonadism  with  delay  of  epiphys- 
seal  closure  (her  ‘bone  age’  at  34  was  estimated  at  somewhere  between  18  and  25,  indicating 
that  union  of  all  epiphyses  had  not  yet  been  completed).  Furthermore  she  showed  the  skeletal 
disproportion  characteristic  of  preadolescent  eunuchoidism,  namely  unduly  long  extremities. 

When  married  at  22  years  of  age  it  was  necessary  to  open  her  vagina  surgically.  She 
claimed  to  have  had  fair  libido  and  experienced  occasional  orgasms.  However,  at  24  years  of 
age  gonorrhea  was  contracted,  followed  by  frigidity. 

Here  chief  complaints  at  34,  when  first  seen  by  us,  were  indigestion  and  nervousness. 
When  examined,  the  mammary  glands  and  breast  contours  were  found  to  be  very  small,  al¬ 
most  flat,  with  adolescent  nipples.  Pubic  and  axillary  hair,  which  had  first  appeared  at  18, 
were  sparse.  The  uterus  felt  small  and  infantile. 

Inasmuch  as  she  happened  to  be  the  first  patient  we  had  selected  for  a  trial  of  estradiol 
dipropionate  therapy,  the  dosage  used  at  first  was  fairly  small  and  proved  inadequate,  o.i 
mg.  3  times  a  week,  hypodermically.  After  about  5  weeks  this  amount  was  doubled,  and  a 
month  later  increased  to  2.5  mg.  3  times  weekly.  Shortly  after,  libido  and  orgasms  returned, 
and  indigestion  and  nervousness  diminished.  A  month  later  the  large  amount  of  5  mg.  was 
injected  3  times  a  week  and  soon  thereafter,  5  months  after  beginning  treatment,  the  men- 
arche  occurred.  This,  her  first  menstrual  period,  lasted  13  days.  Thereupon  the  dose  of  estra- 
diol  dipropionate  was  reduced  to  5  mg.  once  a  week.  In  February,  1940,  3  months  later,  the 
second  menstrual  period  occurred.  Neither  flow  could  be  construed  as  “withdrawal  bleed¬ 
ing.”  Other  evidences  of  maturity  were  manifested  by  larger  breasts  and  increased  growth 
and  amount  of  axillary  and  pubic  hair. 

There  had  been  some  loss  of  weight  before  treatment,  but  during  therapy  the  weight  in¬ 
creased  from  1 19  lb.  to  127  lb.,  possibly  due  to  increased  intake  of  food  consequent  to  the 
improvement  in  digestive  symptoms. 

Alpha-estradiol  or  dihydrotheelin  is  a  sterol  compound  and  represents  the  true  follicular 
hormone.  It  was  isolated,  from  ovaries,  in  crystalline  form.  The  dipropionate  is  the  di-ester 
of  o-estradiol  esterified  with  propionic  acid.  It  is  a  chemically  pure  substance.  It  is  not  effec¬ 
tive  orally,  but  by  injection  is  said  to  have  a  prolonged  action  lasting  fully  5  weeks. 

Summary.  The  induction  of  the  menarche  in  a  34-year-old  hypogonad  woman  who  had 
never  menstruated,  by  injections  of  estradiol  dipropionate,  seems  sufficiently  spectacular  to 
be  worthy  of  record. 

*  The  estradiol  dipropionate  used  in  this  case  was  furnished  by  the  Ciba  Co.  Their  trade  name  for 
this  product  is  Di-Ovocylin. 

t  From  the  Department  of  Medicine,  University  of  California  Medical  School,  San  Francisco,  Calif. 


THE  APPEARANCE  OF  GONADOTROPIC  HORMONE 
IN  THE  URINE  OF  WOMEN  AFTER  OVARIECTOMY* 


Robert  1.  Walter,!  Samuel  H.  Geist  and  Udall  J.  Salmon 
(With  the  technical  assistance  of  A.  A.  Salmon) 

IT  HAS  BEEN  SHOWN  by  Fluhman*  and  Zondek,*  and  confirmed  by  other  investigators, 
that  following  bilateral  ovariectomy  and  after  the  natural  cessation  of  menstruation, 
gonadotropic  hormone  appears  in  the  urine  and  blood  in  increased  amounts.  The 
present  study  was  undertaken  to  determine  how  soon  after  removal  of  both  ovaries  the 
excessive  gonadotropic  hormone  in  the  urine  can  be  detected. 

For  this  study  a  group  of  14  cases  that  had  been  subjected  to  bilateral  ovariectomy  and 
hysterectomy  were  selected.  Gonadotropic  hormone  assays  were  begun  24  hours  after  cas' 
tration.  Four  hundred  cc.  of  the  total  24'hour  specimen  were  extracted  daily  by  a  modifica' 
tion  of  the  acetone  method**  and  assayed  on  immature  rats  weighing  30  to  35  gm.  The  rats’ 
ovaries  were  examined  microscopically  in  serial  sections  for  evidence  of  follicle  stimulation 
or  corpora  lutea.  Extracts  representing  200  and  too  cc.  of  urine  were  injected,  in  divided 
doses,  over  a  period  of  3  days  and  the  animals  killed  96  hours  after  the  first  injection. 

In  5  cases,  the  urine  was  found  to  be  positive  for  gonadotropic  hormone  3  days  after 
castration,  the  concentration  varying  from  10  to  20  u  per  liter.  In  2  cases,  the  urine  was  found 
positive  on  the  5th  day;  3,  on  the  6th  day;  3,  on  the  9th  day;  and  i,  on  the  12th  day. 

It  appears  from  this  study  that  the  excessive  production  of  gonadotropic  hormone  by  the 
hypophysis,  which  occurs  after  ablation  of  the  ovaries,  manifests  itself  in  some  cases  as  early 
as  3  days  after  the  removal  of  the  ovaries;  in  others,  however,  excessive  gonadotropic 
hormone  excretion  is  not  detected  until  the  5th,  9th  or  14th  day. 

It  is  generally  recognized  that  it  is  the  deprivation  of  estrogens  incident  to  bilateral 
ovariectomy  which  is  responsible  for  the  increased  production  and  excretion  of  gonadotropic 
hormone  which  occurs  after  castration.  How  then  is  one  to  explain  this  variation  in  the 
response  of  the  hypophysis  in  different  individuals  to  the  same  procedure?  Can  variations 
in  the  amount  of  circulating  estrogens  or  estrogen  stores  in  different  individuals  account  for 
this  phenomenon?  Do  some  individuals  have  larger  stores  of  estrogens  than  others  which 
might  account  for  later  reaction  of  the  hypophysis  in  some  than  in  others? 

The  finding  of  castrate  gonadotropic  hormone  as  early  as  3  days  after  removal  of  the 
ovaries  draws  attention  to  the  sensitiveness  of  the  hypophysis  to  ovarian  influence  and 
suggests  the  advisability  of  beginning  estrogen  therapy  immediately  postoperatively  (or 
possibly  preoperatively)  in  order  to  prevent  the  hormonal  imbalance  which  inevitably 
results  from  bilateral  ovariectomy,  clinical  repercussions  of  which  may  not  become  manifest 
until  many  weeks  later. 

*  From  the  Gynecological  Service  of  Dr.  S.  H.  Geist  and  the  Laboratories  of  the  Mount  Sinai  Hospi' 
tal.  New  York  City. 
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MICROHISTOMETRIC  ASSAY  OF  THYROTROPIC 
HORMONE  IN  DAY  OLD  CHICKS* 

Rulon  W.  Rawson  and  William  T.  Salterf 


^LTHOUGH  the  need  for  estimation  of  thyrotropic  hormone  in  studies  of  thyroid 
function  is  well  recognized,  such  observations  have  been  limited  by  the  cumbersome 
X  W  nature  of  the  procedure  now  available.  As  pointed  out  by  Rawson  and  Starr,* 
most  workers  have  used  guinea  pigs  as  test  animals,  although  a  few  have  employed  hypo- 
physectomized  rats.  Day-old  chicks,  however,  afford  a  convenient  material  for  these  observa¬ 
tions,  and  recently  Smelser*  and  Bergman  and  Turner®  have  reported  the  use  of  the  increased 
weight  of  the  day-old  chick’s  thyroid  as  an  index  of  thyrotropic  activity.  The  sensitivity 
of  this  material  can  be  increased  considerably  if,  instead  of  gross  weight,  microhistometric 
measurements  of  thyroid  cells  are  substituted.  Indeed,  by  this  expedient  the  method  becomes 
readily  applicable  to  the  estimation  of  the  minute  concentrations  of  hormone  found  in  normal 
human  urine. 

Starr,  Rawson  et  al.,^  using  guinea  pigs,  reported  a  microhistometric  method  of  assay 
for  thyrotropic  hormone  by  means  of  which  they  were  able  to  estimate,  quantitatively, 
thyrotropic  activity.  The  present  report  describes  a  similar  method,  employing  chick 
thyroids,  as  illustrated  by  the  evaluation  of  a  known  preparation  of  thyrotropic  hormone 
containing  50  Junkmann-Scholler  units®  per  cubic  centimeter. 

Method.  Day-old  chicks  weighing  from  35  to  40  gm.  were  used  as  test  animals.  No  attempt 
was  made  to  separate  them  according  to  sex.  The  animals  were  kept  in  a  brooder  at  a  con¬ 
stant  temperature  of  95°F.  and  maintained  on  a  diet  of  commercial  chick  starter  mash, 
containing  0.1%  iodine. 

The  chicks  were  labeled  and  injected  daily  for  5  days  with  thyrotropic  hormone  in  the 
following  doses:  1/8  Junkmann-Scholler  u,  K  Junkmann-Scholler  u,  yi  Junkmann-Scholler  u 
and  I  Junkmann-Scholler  u.  On  the  sixth  day  the  animals  were  autopsied  and  the  thyroids 
removed  and  fixed  in  2Lenker’s  solution.  Later  work  indicated  that  a  shorter  period  of  fixing 
(at  least  i  hours)  may  be  adequate  and  produces  less  shrinkage,  because  the  small  diameter 
of  the  chick  thyroid  (e.g.,  3  mm.)  allows  rapid  penetration  of  the  fixative.  Recently,  at  the 
suggestion  of  IJoctors  Allen  Grafflin  and  H.  L.  Weatherford  of  the  Department  of  Anatomy 
of  the  Harvard  Medical  School,  10%  formalin  has  been  used  as  a  fixtive  with  less  shrinkage 
and  with  more  satisfactory  sections  in  consequence. 

Paraffin  sections  were  made  and  stained  with  hematoxylin  and  eosin.  The  histological 
preparations  were  then  studied  under  oil  immersion.  The  gland  was  crossed  diametrically 
and  recrossed  until  one  hundred  successive,  clearly  delineated  acini  had  been  observed.  From 
each  of  these  acini  a  representative  cell  was  chosen  and  its  height  measured  with  a  Leitz 
echelon  micrometer.  No  cell  should  be  measured  unless  its  limits  are  clearly  visible.  From 


*  Aided  by  grants  from  the  National  Research  Ck)uncil  and  from  the  International  Cancer  Re¬ 
search  Foundation. 

This  is  paper  no.  504  of  the  Cancer  Commission  of  Harvard  University. 

t  From  the  Medical  Laboratories  of  the  Collis  P.  Huntington  Memorial  Hospital  of  Harvard 
University,  the  Thorndike  Memorial  Laboratory,  Second  and  Fourth  Medical  Services  (Harvard), 
Boston  City  Hospital,  and  the  Department  of  Medicine,  Harvard  Medical  School,  Boston,  Massa¬ 
chusetts. 

'  Rawson,  R.  W.,  and  P.  Starr:  Arch.  Int.  Med.  61:  716.  iQjS. 

*  Smeuer,  G.  K. :  Endocrinology  13 : 419. 1938. 

*  Bergman,  A.  J.,  and  C.  W.  Turner;  Endocrinology  14:  656.  1939. 

*  Starr,  P.,  R.  W.  Rawson,  R.  Smalley,  E.  G.  Doty  and  H.  Patton:  West.  J.  Surgery  47:  65. 
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‘  Juncmann,  K.,  and  W.  Scholler:  Klin.  Wchschr.  ii:  1176.  1931. 
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the  observed  measurements  made  on  each  gland  a  frequency  curve  was  plotted,  as  shown 
in  figure  1,  and  its  mean  and  standard  deviation  determined. 

Results.  This  method  has  been  tested  repeatedly  in  assays  involving  several  hundred 
animals  in  two  laboratories.  In  order  to  conserve  space,  however,  merely  a  single  typical 
assay  is  reported  here.  This  was  performed  with  a  pedigreed  Armour’s  preparation  of 
pituitary  thyrotropic  hormone  of  known  concentration  in  order  to  obtain  a  standard  nomo- 
gram  for  reference.  Five  groups  of  animals  were  used,  each  group  representing  a  given 
amount  of  the  hormone.  In  figure  1,  a  representative  frequency  curve  is  plotted  for  a  single 
representative  of  each  of  these  groups.  Each  investigator  should  work  out  such  a  nomogram 
in  order  to  standardize  his  entire  technical  procedure. 

A.  For  the  zero  point,  the  thyroids  of  8  control  animals  were  studied.  They  were  found 
to  have  a  comparatively  flat  epithelium  of  uniform  height.  The  mean  acinar  cell  heights  of 


- 1 - -  :  i  i  i - i - 1 — ■ 

1  2  3  4  5  6  7 

CELL  HEIGHT  tMICRA) 

Fig.  I.  Representative  measurements  of  thyroid  cell  height  for  increasing  dosage  of  thyro' 
TROPIC  hormone  injected  into  chicks.  Each  curve  represents  100  cells  from  a  single  typical  gland. 

these  glands  varied  between  2.40  and  2.51,  with  an  average  of  2.46^-  The  spread  of  the  curves 
was  small,  with  a  standard  deviation  which  varied  between  0.42  and  0.49. 

B.  Eight  animals  were  treated  on  5  successive  days  with  a  dose  of  thyrotropic  hormone 
equivalent  to  i  /8  of  a  Junkmann-Scholler  u  daily.  Their  thyroids  responded  with  the  slightest 
possible  measurable  hypertrophy.  The  mean  acinar  cell  heights  of  these  glands  varied 
between  2.98  and  3.09  fi.  There  was  a  very  slight  increase  in  the  spread  of  the  frequency 
curves,  with  the  standard  deviation  varying  between  0.42  and  0.56. 

C.  A  daily  dose  equivalent  to  of  a  Junkmann-Scholler  u  was  given  daily  to  10  chicks. 
The  response  was  that  of  a  greater  hypertrophy  than  was  observed  in  the  previous  group. 
The  mean  acinar  cell  height  varied  between  3.59  and  3.66  u.  The  standard  deviation  varied 
between  0.47  and  0.61. 

D.  The  equivalent  of  a  Junkmann'Scholler  u,  when  given  in  daily  doses  for  5  days, 
caused  further  hypertrophy.  The  incremental  reponse  at  this  dosage,  however,  was  not 
so  marked  as  with  the  previous  doses.  In  other  words,  the  response  approached  a  ‘ceiling’ 
at  this  dose.  The  mean  acinar  cell  height  in  this  group  of  8  animals  varied  between  3.78  and 
3.96  n,  with  an  average  of  3.88  fi.  The  standard  deviation  was  greater,  however,  varying 
between  0.58  and  1.19. 

E.  Nine  animals  were  treated  with  one  Junkmann-Scholler  u  daily  for  5  days  and  re' 
sponded  with  a  measured  mean  acinar  cell  height  which  varied  between  4.12  and  4.23  ju. 
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with  an  average  of  4.18  n-  The  standard  deviation  of  these  curves  varied  between  0.45  and 
0.67.  Beyond  this  dosage,  the  sensitivity  of  the  method  diminishes  considerably,  so  that 
assays  outside  of  this  range  are  not  very  reliable. 

The  increasing  rise  in  acinar  cell  height  is  demonstrated  in  table  i.  It  should  be  empha- 
sized  again  that  the  absolute  values  obtained  will  doubtless  vary  from  laboratory  to 
laboratory. 

Table  i.  Response  of  acinar  cell  height  to  increasing  dosage  of  thyrotropic  hormone 


No. 

animals 

Average 

Average 

Daily  dose 

mean  cell  height 

standard 

(m) 

deviation 

Controls 

8 

2.46 

0.45 

-J  Junkmann'Scholler  u 

8 

3-03 

0.49 

I  Junkmann'Scholler  u 

10 

3-62 

0.52 

-J  Junkmann'Scholler  u 

8 

3.88 

0.70 

I  Junkmann'Scholler  u 

9 

4. 18 

0.53 

Summary.  The  advantages  of  the  above  procedure  are  as  follows.  It  can  be  performed 
on  readily  available  biological  material;  it  combines  technics  which  have  already  been  tested 
thoroughly  and  it  gives  such  high  sensitivity  that  a  numerical  evaluation  of  thyrotropic 
activity  can  be  had  for  concentrations  of  thyrotropic  hormone  as  low  as  those  found  in 
normal  human  urine.  Furthermore,  the  method  can  easily  be  calibrated  against  known  stand' 
ard  material  by  each  investigator  so  that  his  results  are  readily  interpretable  elsewhere. 


ESTROGENIC  DETERMINATIONS  IN  A  CASE  OF  DIS' 
GERMINOMA  OVARII  COMPLICATED  BY  PREGNANCY 

Herman  Lorber  and  Morton  Vesell 

DISGERMINOMA  OVARII  IS  a  fairly  uncommon  tumor.  Pregnancy  complicating  this  type 
of  ovarian  abnormality  is  still  more  uncommon.  The  rarity  of  this  tumor,  its  com- 
plication,  in  the  present  case,  and  the  fact  that  hormonal  studies  were  made  post' 
operatively,  make  it  of  special  interest.  Novak,*  in  his  series  of  17  cases  of  disgerminoma  ovarii, 
reported  3  women  who  had  children  before  operation  and  2  women  who  had  children  after 
the  operation  for  disgerminoma.  These  figures  are  somewhat  higher  than  most  of  the  other 
series  which  have  been  published.  Van  Szathmary,**  also  reports  one  patient  operated  upon 
for  disgerminoma  ovarii  during  pregnancy,  and  one  operated  upon  during  the  puerperium. 

Case  Report.  Mrs.  H.  S.,  age  23  years,  married  16  months,  was  admitted  to  the  Beth 
Israel  Hospital,  New  York  City,  on  March  30th,  1937,  with  a  chief  complaint  of  progres' 
sively  enlarging  tender  mass  in  the  right  upper  quadrant,  of  2  months  duration,  and  an 
amenorrhea  of  3  months.  There  was  no  associated  pain,  nausea  or  vomiting,  but  she  had 
definite  tenderness  on  pressure  over  the  symphysis  pubis  and  in  the  right  upper  quadrant. 

Her  menstrual  history  was  entirely  normal.  Menses  began  at  the  age  of  13,  recurred 
every  28  days,  lasted  5  or  6  days  and  were  unaccompanied  by  pain.  One  month  following  the 
last  menstrual  period,  the  patient  first  noted  a  mass  in  the  right  upper  quadrant.  This  mass 
gradually  increased  in  size.  At  the  same  time  the  patient  began  to  have  the  usual  subjective 
signs  of  pregnancy. 

Physical  examination  on  admission  to  the  hospital  revealed  a  young  adult  female  with 
distinct  feminine  characteristics.  Her  voice,  breasts  and  hair  distribution  showed  no  evi' 
dence  of  endocrinopathy.  The  uterus  was  uniformly  enlarged  to  the  size  of  a  3  months  gesta' 
tion,  the  cervix  was  soft,  and  the  vagina  displayed  a  typical  bluish  discoloration.  In  the  right 
upper  quadrant,  in  the  region  of  the  gallbladder,  there  was  a  firm  mass  the  size  of  a  large 


*  Novak,  E.,  and  L.  A.  Gray:  Am.  J.  Obst.  Gynec.  35:  915.  1938. 

*  Van  Szathmary,  Z.:  Arch.  f.  Gynal^.  153:  333.  1933. 
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Fig.  la.  Disgerminoma  of  the  ovary.  Fig.  ib.  Section  showing  narrow  strips 
of  cells.  Fig.  ic.  Cells  under  high  magnification. 

grapefruit.  This  mass  was  lobulated,  freely  movable,  not  painful  but  tender.  Blood  count, 
urine  and  sedimentation  time  were  normal. 

A  diagnosis  of  twisted  ovarian  cyst  or  pedunculated  fibroid  complicating  pregnancy  was 
made,  and  the  patient  was  operated  upon  on  the  day  of  admission.  A  freely  moveable,  kidney' 
shaped  mass  which  was  yellowish  in  color  was  found  lying  under  the  liver.  This  mass  ap' 
parently  arose  from  the  right  iliac  fossa.  The  left  ovary  appeared  to  be  normal,  and  the  uterus 
was  enlarged  to  the  size  of  a  3  months  pregnancy.  Without  manipulation  of  the  uterus,  the 
right  ovarian  mass  was  removed.  The  gestation  was  not  disturbed,  the  patient  made  an  un' 
eventful  recovery  and  was  discharged  in  14  days.  Six  months  later  she  delivered,  spon' 
taneously,  a  living  baby. 
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The  pathological  report  of  the  specimen  removed  at  operation  was  as  follows.  The  gross 
character  was  that  of  an  irregularly  ovoid,  lobulated,  fairly  heavy  (760  gm.)  tumor,  13X12X9 
cm.  (fig.  la).  Its  outside  was  serosadike  and  shiny.  On  the  one  surface  there  was  a  circular 
area,  9  cm.  in  diameter,  where  the  yellow  color  was  almost  entirely  replaced  by  a  diffuse 
purplish'gray.  In  the  center  of  this  area  a  characteristic  corpus  luteum  of  pregnancy  was  seen. 
The  cut  surface  was  diffuse  pale  yellowish-gray  and  light  brown,  with  some  networkdike, 
irregular,  opaque,  light  yellow  markings.  In  the  center,  a  triangular  area  was  glassy,  probably 
edematous.  Corresponding  to  the  gray  area  a  thin  layer  of  ovarian  tissue  was  seen.  Micro- 
scopically  a  characteristic  picture  of  disgerminoma  was  seen  (fig.  ib,  ic).  The  tumor  cells 
were  arranged  partly  in  narrow  rows.  The  nuclei  were  large  and  fairly  dark.  The  protoplasm 
in  many  cells  was  abundant  and  vacuolated.  There  were  many  areas  of  necrosis  forming  an 
irregular  network  throughout  large  portions  of  the  tumor.  There  was  little  inflammatory 
infiltration.  No  giant  cells  or  granulomadike  formations  were  seen.  The  stroma  between  the 
strands  of  tumor  cells  had  a  fairly  loose  connective  tissue.  The  tumor  did  not  contain  elastic 
fibers.  The  tumor  cells  did  not  contain  fat.  Sections  from  different  portions  of  the  tumor  gave 
similar  pictures.  Tumor  cells  were  in  the  lumen  of  a  blood  vessel. 


Quantative  estrogenic  studies  were  made  daily  on  24'hour  specimens  of  urine  from  the 
first  to  the  tenth  postoperative  day.  The  results  are  as  follows. 


ist  day  3,000  M.u.  female  sex  hormone  per 
liter  of  urine 

and  day  3,000  m.u.  female  sex  hormone  per 
liter  of  urine 

3rd  day  3,200  M.u.  female  sex  hormone  per 
liter  of  urine 

4th  day  3,200  M.u.  female  sex  hormone  per 
liter  of  urine 

5th  day  3,200  M.u.  female  sex  hormone  per 
liter  of  urine 


6th  day  3,200  m.u.  female  sex  hormone  per 
liter  of  urine 

7th  day  3,500  M.u.  female  sex  hormone  per 
liter  of  urine 

8th  day  3,500  m.u.  female  sex  hormone  per 
liter  of  urine 

9th  day  3,500  M.u.  female  sex  hormone  per 
liter  of  urine 

loth  day  3,500  m.u.  female  sex  hormone  per 
liter  of  urine. 


It  would  be  unwise  to  draw  any  definite  conclusions  from  the  few  hormonal  determina¬ 
tions  performed  after  the  removal  of  the  tumor  and  in  the  presence  of  pregnancy.  However, 
it  is  felt  that  if  this  disgerminoma  ovarii  influenced  the  hormonal  status  of  the  patient,  its 
removal  should  have  caused  a  temporary  (i-  to  lo-day)  decrease  in  urinary  estrogenic  output 
despite  the  presence  of  pregnancy.  Owing  to  the  fact  there  was  a  slight  increase  in  estro¬ 
genic  output  in  the  first  10  days,  it  may  be  assumed  that  the  disgerminoma  ovarii  did  not  in¬ 
fluence  the  hormonal  status  of  this  patient.  If  it  had,  there  should  have  been  a  sharp  decline 
in  the  output  of  estrin  within  the  first  week  postoperatively  and  subsequently  a  graphical 
increase. 

Summary.  A  unilateral  oophorectomy  was  performed  for  a  disgerminoma  ovarii  in  a  23- 
year-old  female  during  the  third  month  of  pregnancy.  The  pregnancy  went  to  term  and  a 
living  baby  was  delivered.  The  patient  evidenced  no  signs  of  pseudohermaphroditism  nor 
any  distinct  variations  in  secondary  sexual  characteristics.  From  the  postoperative  hormonal 
studies  there  was  no  evidence  that  disgerminoma  ovarii  possessed  any  hormonal  influence. 
Disgerminoma  ovarii  may  be  malignant,  especially  in  the  male  and  in  older  females,  but  most 
often  it  is  benign.  Pregnancy  occurring  in  the  patient  with  disgerminoma  ovarii  is  not  fre¬ 
quent,  as  this  condition  is  usually  associated  with  hypoplastic  uterus.  Corpus  luteum  of 
pregnancy  was  present  in  the  excised  tumor  and  the  gravidity  went  on  to  term.  The  presence 
of  a  large,  kidney-shaped,  distinctly  yellow,  soft  ovarian  mass  should  suggest  the  possibility 
of  disgerminoma. 
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FAILURE  TO  FIND  SEASONAL  VARIATION 
IN  BASAL  METABOLIC  RATE 

J.  F.  McClendon  and  Pearl  Olson* 

SINCE  Seidell  and  Fenger,'  Cramer,*  Bailiff®  and  KendalF  have  found  seasonal  or 
environmental  changes  in  the  thyroid  glands  of  animals  it  might  be  expected  that 
there  would  be  found  a  seasonal  variation  in  the  basal  metabolic  rate  as  shown  in 
li2ards  by  Weigmann^  and  in  rabbits  by  Riml  and  Wolff.®  Someworkers  have  found  a  monthly 
variation  in  the  basal  metabolic  rate  in  women.®  Ritzman  (Carnegie  Inst.  Year  Book,  1939) 
observed  a  10%  increase  in  B.M.R.  of  cows  in  winter  when  the  hghting  was  made  equal  to 
that  of  June. 

The  B.M.R.’s  of  two  women  between  20  and  30  years  of  age  was  measured  every  day. 
They  were  given  breakfast  after  the  measurement  so  that  no  changes  due  to  lowered  nutri¬ 
tion  might  result.  The  daily  rates  for  each  month  were  averaged  so  as  to  rule  out  variations 
due  to  the  menstrual  cycle.  The  rates  are  recorded  in  calories  per  square  meter  per  hour. 
The  rates  of  woman  A  were:  July,  31.7;  Oct.,  32.5;  Nov.  32.2;  Feb.  32.8;  March,  32.2. 
The  rates  for  woman  B  were:  Aug.,  30.1;  Oct.,  30.7;  Nov.,  29.7;  Dec.  29.9. 

Apparently  the  rate  of  A  rose  slightly  as  the  weather  grew  colder  but  the  variations 
are  not  considered  significant  since  that  of  B  fell  slightly  during  the  same  period.  Further¬ 
more  the  rate  might  be  considered  constant,  since  the  variations  shown  are  less  than  the 
average  variations  during  the  menstrual  cycle. 

These  rates  are  lower  than  Aub-Dulx>is  standards  but  are  considered  normal,  as  one 
always  obtains  lower  rates  when  the  rate  is  measured  daily  than  when  it  is  measured  much 
less  frequently. 

The  lack  of  variation  in  the  B.M.R.  with  outdoor  temperature  is  probably  due  to  living 
most  of  the  active  hours  in  thermostatically  controlled  rooms  and  sleeping  under  sufficient 
cover  as  to  maintain  a  fairly  constant  skin  temperature. 

*  From  Hahnemann  Medical  college,  Philadelphia,  Pennsylvania,  and  the  University  of  Minne 
sota,  Minneapolis,  Minnesota. 

*  Seidell  and  Fencer:  J.  Biol.  Chem.  13:  517.  1913. 

*  Cramer:  Fever,  Heat  Regulation,  Climate  and  the  Thyroid- Adrenal  Apparatus,  Longmans 
Green,  1918. 

*  Bailiff:  Am.  J.  Atwt.  6i:  i.  1937. 

®  Weigmann:  2ischr.  f.  uHss.  Zool.  141:  491.  1931. 

*  Riml  and  Wolff:  Arch,  exper.  Path.  u.  Pharmakol.  157:  193.  1930. 

*  McClendon:  Endocrinology  13:  101.  1938. 

*  Kendall  and  Simonsen:  J.  Biol.  Chem.  80: 357. 1918. 
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